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PART A - GENERAL 

jectiOfrxl^xxDasGfj ption of Treatment System 

submitted by the city of New Bedford for modification 

of secoî ^y î'.̂ aiiment requirements is based upon an improved discharge. 

The proposed improvement for the existing primary treatment plant consists 

of an extended outfaW:;:̂ ;t̂ :̂ :. diffuser. 

Existing Treatment:;j$y£tem-

Figure 1 indicates the location of the New Bedford plant. The New 

Bedford treatment plant serves ajfe:;ijc£iea with a population of approximately 

101,000 people. The wastewaterg$'i(j£%ion system includes both combined (60 

percent) and separate (40 per^nt^S^wers and receives residential and 

industrial sewage. Approximately 22T:percent of the influent is expected 

from industrial sources by 1988. The ap.pM.̂ .̂ .-.-.d.pes not present detailed 

flow data in this section such as dry-$fl#:'w:e't:^:we':ither flows. The average 

flow for 1979 is identified as 1.05 m3/s|fc:xj-|pMGD). The projected average 

flow for 1988 is 1.29 m3/sec (29.4 MGD). :
:i||h:e plant design capacity is given 

as 1.31 m3/Sec (30 MGD). 

During dry weather, the wastewater influent receives primary treatment. 

The unit processes at the plant include grit collection; bar screens; 

primary sedimentation; chlorination; and sludge degritters, thickeners, and 

centrifuges. During wet weather, excess ive storm-related wastewater is 

1 
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simply chlorinated and discharged through a separate outfall. Sludge from 

the primary sedimentation tanks has the grit removed (and discharged to a 

landfil:J:.):::̂ ndj:::̂ .:.ithen thickened and dewatered. The supernatant is recycled 

to the :̂;:weii:i:;:;:|the dewatered sludge is incinerated and the ash disposed 

Of in 

Existing Outfall— 

The existing ;̂ #.:i:R^x:p:i(it:fal 1 s and the proposed extended outfall and 

diffuser are shown ̂ ^Figu;̂ ;. 2. The exist ing outfall for the dry-weather 

flow consists of a;:;£!§2-m ($&J!.in) diameter pipe which extends about 1,006 m 

(3,300 ft) out into Buzzards Bay. The outfall ends in a single outfall port 

which is a 90° cast iron elbow en.jjiiijĵ icji in concrete and rip-rap at a depth of 

8.8 m (29 ft) below mean sea ley£ifc; Sijj&cess storm flow is discharged through 

a 1.83-m (72-in) diameter pip£:#ft:te&:;£xtends about 305 m (1,000 ft) into 

Buzzards Bay to a depth of 7/iiRn (24::!ft:). The applicant does not provide 

any discussion concerning the distributiqn..9f..effluent flows between the two 

outfalls. Discharge monitoring reports f^:;l9^::-;:i980 also do not indicate 

the frequency of use of the emergency out^tife^r the flows discharged. 

Proposed Improvements--

The proposed system modification involves usagia^&i!: a single 1.83-m 

(72-in) outfall. Plans are to utilize the existing^drm flow outfall, 

extending the pipe and adding a diffuser. The improved ̂ j&fall would extend 

6.7 km (22,000 ft) further into Buzzards Bay with a 250-m (820-ft) diffuser. 
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Figure 2. Location of existing and proposed outfalls for the

New Bedford, MA, treatment plant.




The preliminary design ca l l s for a multi-port diffuser with 186 staggered 

ports, each having a diameter of 10 cm (4 in). The dif fuser would be 

located::::i:n:::;3^u:l;....13.7 m (45 ft) of water, with the final alignment dependent 

on the  | ' 

is planning treatment system improvements to assure 

proper and efficient operation. Preliminary recommendations have been 

identified; howey:̂ :ri:pg: ;̂|ii-:?:ete Step 1 p lann ing documents wil l not be 

finalized until igSli&^ex'mltial recommendations include: 

• New aeratre&jgrit raiipval facilities 

• New sludge pumping statfrirtgind tunnel 

• Additional sludge 

• Grease and scum removal improvements.. 

• Modify sludge dewatering systerit:
:: 

• Additional incinerator 

t New sludge storage tank 

• Modify chlorination system, 



These will be subject to revision in the final facilities planning report 

documents. As of the completion of this evaluation report, Step 1 planning 

document:Sxfcsye:::;no.t been provided to EPA. 

Sectionjij&ix; EfftttSftt Limitations 

The city of New Bedford's application for a modification is based upon 

the following fina f̂j;l"̂ |;:;::limitations: 

'•:;:::;£. Annual 

Par aiii&ter Average 

Biochemical oxygen ĵdiejin^nd 97 mg/1 

Suspended solids $$£ :t$A. 50 mg/1 

pH tmM£& 6.0 to 9.0 

Raw wastewater values for 1979 p re sent.ed.. by...the applicant indicate an 

influent BOD of 134 mg/1 and suspended soJids of 98 mg/1. Projected annual 

average influent values for 1988 are 138 mg/1 for BOD and 100 mg/1 for 

suspended solids. Based on the final effluent limitations, expected removal 

efficiencies through the permit period would be 30 percent for BOD and 50 

percent for suspended solids. '^^^'^y-^ 



Section 3. Existing Discharge 

Th£xtewx:B;ed;f.prd primary treatment plant began discharging to marine 

waters |̂ anua''ir̂ i:.::1974. The location of the discharge into Buzzards Bay is 

41° 35'|#!|N la£j$iiide and 70° 53' 37" W longitude. 

Section 4. State Secondary Treatment Requirements 

There is no s^&ifeixjfre îiiiir'ement for secondary treatment of coastal or 

marine dischargesiMjiiPrinr^ry treatment plus disinfect ion is the minimum 

treatment requirement ac:£&rding to the M a s s a c h u s e t t  s water quality 

standards. The applicant does cite from the state water quality standards 

that "minimum treatment requirem^^; wil 1 be increased where necessary to 

satisfy other state and federal :|;SiiifSx&jjd regulations or to achieve the water 

quality assigned in these regu^^bws^i^hichever is the most stringent." 

Section 5. State Coastal Zone Management Program 

The modified discharge will be 1;& |̂̂ ;in an area which is under 

jurisdiction of the Commonwealth of Massachusetts Regulat ions on Ocean 

Sanctuaries, which has been approved under the Coastal Zone Management Act 

of 1972. The Department of Environmental Managemenfrx^asx^on^rined this in a 

letter received by the applicant on August 30, 1979^ iSiil 



Section 6. Marine and Estuaring Sanctuaries


discharg e is not locate d in a marine or estuarine 

under Title III of the Marine Protection, Research, and 

Sanctuaigfe? Act ;;$£;: 197 2, as amended, or under the Coastal Zone Management 

Act of :|§;̂ i;xj:i|fiiif;iii':'has been confirmed by a letter dated August 11, 1980, 

from the National Oceanic and Atmospheric Administration (NOAA). 

Section 7. Endang^iejdx&Fx^jiieatened Species 

The applicantjii^ntiff^i; the fo l lowin g nine endangered or threatened 

species that may possibly inhabit or obtain nutrients from the waters 

affected by the proposed discharg$;j:;:;:;:;i; 

Common Name .;:i:;:j:;:x':::x'::;:;:$i(::ienti fic Name 

Shortnose sturgeon Ac i.pens.er...b.rev.i rostrum 

Blue whale BaV^ijidbt^ra^Tmjsculus 

Bowhead whale Ba^6^;:;ffi^$ticetus 

Finback whale Balja&ioptera physalus 

Gray whale Eschrichtius robustus 

Humpback whale Megaptera nova.eflg:T::laa;x;x;:;:; 

Right whale Eubalaena spp." (atfc;?pecies) 

Sei whale Balaenoptera boreal;̂ ; 

Sperm whale Physeter catodon H;;;;;;;; 

8 



Because the exposure to the effluent would only be brief, if at all, no 

deleterious effects on these species is expected. The discharge is not in 

an area::::de;s;j;g$a$;e,d as a critical habitat. 

;!; Oth^r^pplicable Federal Requirements 

The applicant is unaware of any other federal laws applicable to the 

discharge. j: 

Section 9. Existetie&jand:£ffi)pliance with State Water Quality Standards 

State Water Quality Standards— 

The Commonwealth of Massaj<$u$£fets has designated the waters which 

receive the New Bedford treat^frt^l^nt discharge as C las  s SA. Waters 

assigned to this class are use'iT'for th:"e''"'protection and propagation of fish, 

other aquatic life, and w i ld l i fe  ; for...primary,, and secondary contact 

recreation; and for shellfish harvesting w-ithout depurvation in approved 

areas. Minimum water quality requirements arti-d the specif ic criteria for 

Class SA waters are presented in Table l^y^: 

Compliance with Water Quality Standards--

The applicant refers to Part B, Sections 2-5 fp^vidence that the 

discharge will comply with water quality standards, edification that the 

discharge will meet the state requirements has been requested from the 



TABLE 1. COMMONWEALTH OF MASSACHUSETTS

WATER QUALITY STANDARDS


Mi nipHiiî ^̂ r..! a


The |̂owirtg:;:;|iiTtninium criteria are adopted and shall be applicable to all 
wateir&.itif th$;:;£i;inimonwealth, unless criteria specified for individual classes 
are ( 

Cri teria 

1. Aesthetics All waters shall be free from pollutants in 
concentrations or combinations that:


a) Settle to form objectionable deposits;

b) Float as debris, scum, or other matter


to form nuisances;

c) Produce objectionable odor, color,


taste, or turbidity; or

d) Result in the dominance of nuisance


species.


2. Radioactive Substances $$$$ not exceed the recommended limits of the

States Environmental Protection


s National Drinking Water Regulations.


3. Tainting Substances .; ̂ al̂ xijnot &e in concentrations or combinations

;:£Ha£:i££pduce undesirable flavors in the edible

:jport t&rts of aquatic organisms.


4. Color, Turbidity, Shall not be in concentrations or combina-

Total Suspended tions tha,t..,w.pul.d..exceed the recommended

Solids limits ô ;;;î :;itti!î :;sensitive receiving water


USe. ;:X_:X;X-x-x-x-x-::x.:-x 

5. Oil and Grease The wate/^iji^lite shall be free from floating 
oils, g:jr£#s'''e'v''and pe t rochemica l s  , and any 
concentpaeons or combinations in the water 
column itifesediments that are aesthetically 
objectionable or deleterious to the biota are 
prohibited. For oil and grease of petroleum 
origin the m a xi m:qiTO:::;:?i:;l;?:;o;w;$ b le d i scharg  e 
concentration is 

Nutrients Shall not exceed the s.5te-specific limits 
necessary to control accelerated or cultural 
eutrophication. 

Other Constituents Waters shal l be free""from po l lu tan t  s in 
concentrations or combinations that: 

10




TABLE 1. (Continued).


a) Exceed the recommended limits on the

::x':X:;:;:XxxX::... most sensitive receiving water use;


:x: : :

x:x
:xx
::;:;:x:x:x:x:x\ b) Injure, are toxic to, or produce adverse


:x:x
::x
:: '''̂SSl physiological or behavioral responses in


Six's Six-? humans or aquatic life; or

i&iS xSS c) Exceed site-specific safe exposure levels

:x::x:£.v.vx+x::x::;:x: determined by bioassay using sensitive

x
::x
:;x
::x̂v:x

::;:x
::;:x

:x resident species.


Additional Criteria


The-following a^^iifQ^-j^inimum criteria are applicable to coastal and

marine waters f(î :;itass::;$̂ : waters.


: : : :
Parameter̂ x:x:x:x:S:;:;x
:; -.. Cri teria


1. Dissolved Ox^g^i :; ;i; : Shall be a minimum of 6.0 mg/1. 

2. Temperature None except where the increase will not exceed 
the recommended limits on the most sensitive 
wSS^r use. 

 be ln tne ran9e of3. pH -:ii?:?i:.  6.5-8.5 standard 
;:.: îfe$.::;:and not more than 0.2 units outside of 

/:;:$ji»ex:i!J ;̂1;urally occurring range. 

4. Total Coliform Bacteria:;; ;:;Shalix
:;:frj>t exceed a median value of 70 MPN per 

•':'x":':100 nrt:':£nd not more than 10% of the samples 
shall exceed 230 MPN per 100 ml in any monthly 
sampl i ng.. pe.r.i.q.d... 

11




Division of Water Pollution Control. The state has initially responded that 

further review of the application is necessary. 

State Mi} ' j i i ' Zb'iii; £o 1 i cy— 

:'does not discuss the mixing zone policy for Massachusetts 

in this section of the application. 

The Massachus îfc.:i;;i:!:::::ir;e.5«|ations concerning mixing zones are: 

"Regulation:;^ Mix$tiiig Zones. In applying these standards 

[water quality standards], the Division may recognize, where 

appropriate, a limited mixj;j:ii<£:|ii.one or zone of initial dilution 

on a case-by-case basis. jffre' ^oication, size and shape of these 

zones shall provide foriixi^fre^iai-'ximum protection of aquatic 

resources. At a minimunfi'^mixing^ttfnes must: 

aes$iie§:Tc":s':f::::::::::::::: a) Meet the criteria for

b) Be limited to an area otx^olume that will minimize 

interference with the designated uses or established 

community of aquatic life in the segmje^?;j:;:;x::;:::;:;xH 

c) Allow an appropriate zone of passage for ̂ grating fish 

and other organisms; and •££ 
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d) Not result In substances accumulat ing in sediments, 

aquat ic l i fe or food c h a i n  s to exceed known or 

xHgKppedicted safe exposure levels for the health of humans 

:<j£:Aquatic life." 

Discharge Construction 

Evidence of Thorou :̂i:̂ Sfi«|i;i;5: and Study— 

The app1icant^:|jjrop6s6d improvements appear to be thoroughly planned, 

based largely on &SJJ974 report on " W a s t e w a t e  r Col lect ion System and 

Treatment Facilities." 

Evidence of Financial and Technî ii ^^purces--

The applicant refers ttf':':Vtaterfi£'rfts in the transmittal letter as 

evidence of financial and technical res.p.ur:q.e,5..,...^pwever) the transmittal 

letter contains no details of either fin;$fte:iatf::of1 technical resources which 

may be available. -^M^^ 

History of NPDES Permit Compliance— 

The applicant presents limited, general information concerning NPDES 

permit compliance. The applicant states that "The City pf New Bedford has 

met all realistic dates cited in the 1974 NPDES Permit,11 This implies not 

all NPDES dates have been met; however, detai ls of any non-compliance are 

not provided. 

13 



Schedule for Secondary Treatment/Proposed Improvements— 

Th&::$iphedu';l;£$:;in Table 2 were prepared by the applicant to demonstrate 

the tiiti:|ft§ forj:;jsi|aged planning, design, and construction of secondary 

treatme :̂;:Sp;::;||̂
:i|tithan-secondary treatment. However, some of the dates 

indicated have not been met, including the June, 1981, dates for final 

submittal of the f^*p|:ie£$an. As of the completion of this evaluation 

report, no Step 1 &tiOTe :̂;.:£& been provided to EPA. 

14




TABLE 2. SCHEDULES FOR SECONDARY AND LESS-THAN-SECONDARY TREATMENT3


(A) Schedule for (B) Schedule for Implementation

Secondary Treatment of.: Mod;.i.f:.ied.:.0:i$<. harge


Estimated Months ES11 lij$it:gix:::X:X:::::::X:X:X: Mon t h S

Date Between Events Dat&xx" •'•'•'•'•' '•' '• Between Events


1. Step 1 grant start date May, 1979 - -•̂ ixx'̂ : ..S-K;::


2. Start Pilot Plant testing for

::::::::::::-:v
secondary treatment September, 1979 !:;:!:$::§:!:!:!:!:!:;:!:;:!:; '•'$&& ~~ "'''''''''''''


x-x-x-XvX:x:::Xv•'•'•'::xX
3. Preliminary report and EAS on

siting for secondary treatment March, 1980 6 $m jxjx


4. Complete Pilot Plant testing March, 1980 ,,;.6.:;:::x::::;:::s:x:.... x'xix


5. Final submittal of facilities

plan; submit Step 2 grant X-X-XvX-Xv... . 

:
  c
application June, i9BlxX:XvXxx;:,x.: 15 June, 1981

6. Start Step 2 design Januaryy:;:*9&2:g:x;;ixix: 7 January, 1982 7


en

7. Final plans and specifications....


completed and approv6d:fcy:£PAx:-•"•:•:•:•:•

and state '•'•'•••'•'•'•'•'^^••'•'•'••<:x:x- September, 1983 20 April, 1983 15


8. Execute construction contract :x

for secondary treatment •;•:•

facilities ............ '••:•-. x::x February, 1984 5 September, 1983 5


9. Complete secondary facilities

orx pr:tma ryjxf actliti es with 42 30

ino:dti:̂ i:$̂ :::i;iiijfcfS:i:i: placed in August, 1987 March, 1986

operation xxvx (3.5 years) (2.5 years)


10. Full operation:::Tevel attained February, 1988 6 September, 1986 6


a n,- ~.n»4- on 1 mn ->«^i <?f\r\4- rtrtikrt *« a 1 n"?n


The Facilities Planning report will be complete June, 1980, and the combined Sewer Overflow (CSO) study

and Step 2 Grant will be finished June, 1981 (neither date has been met by the applicant) as of the comple­

tion of this evaluation report.

c Predicated on primary treatment being considered a viable alternative in an amended Step 1 - Cost Effect

Analysis.






PART B - TECHNICAL EVALUATION INFORMATION 

Assessment 

Outfal 1 iiipj 

The New Bedford treatment plant has two existing outfalls. Presently 

all dry-weather wSS:fî r'fe'Sjjif1 ows are given primary treatment and then 

discharged through;|̂ ::::
: î$|fhg 60-in outfall; excessive storm-related flows 

are chlorinated ani|:;:|'lsch ĵ|ed through the existing 72-in outfall. The 

existing 60-in outf&fa is a:'^:-W6-m (3,300-ft) long pipe which terminates in 

a single horizontal discharge port,;:,,:,The 72-in outfall is a 305-m (1,000-ft) 

long pipe and also terminates in .Sjî jlfijgle horizontal discharge port. 

The New Bedford appl icat.i$ft::'Ts'^r;?dicated on the construction of an 

improved outfall/diffuser system. The proposed discharge site is located 

approximately 7.0 km (23,000 ft) offsho$gy$&f$$$fte Point in Buzzards Bay. 

The applicant states that the actual alij&tinent of the proposed outfall and 

the diffuser configuration will be final|::
:;f$d:;:̂ iien detailed ocean bathymetry 

and soils data have been obtained and lijfrij&l uated. The locat ions of the 

existing and proposed outfal ls are shown in Figure 3 (appl icant 's Figure 

A-l). 

The proposed outfall will be an extension of the exiting 72-in outfall 

and wil l terminate in a 250-m (820-f t) multiport dfc££iiiser. The 60-in 

outfall will be retired. Most of the app l i can t '  s physical assessment 

16 



NEW 
BEDFORD A .  V FAIRHAVEN 

NASKETUCKET 
BAY 

.,,.
f
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Figure 3. Locations of outfalls and sampling stations, New

Bedford, MA.
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considers the proposed outfall rather than the existing outfalls. The same 

emphasis is reflected in this review. The physical characteristics of the 

propos |̂::::|:r|:to.er are l isted in T a b l  e 3. The d i f fuse  r is shown 

schematically 1rt!$||igure 4 (applicant's Figure A-6). The design flow rate as 

:::î  design port f low rate is equal to 3.162m3/sec (72.17 

As part of th^^e'riij.cedure, the proposed diffuser is evaluated for 

adequacy of xi sti ng ou t fa l l  s are simple and require no 

analyses. E v a l u a t  s of ' proposed diffuser includes analysis of the 

hydraulic behavior :&::the dVfuser and whether or not the diffuser is likely 

to achieve reasonable dilutions .......


The hydraulic characteristics.;$:£:.a. well-designed ocean diffuser are 

discussed in several sources, a^^ig'tfte^i Rawn, Bowerman, and Brooks (1961), 

and more recently, Grace (1978), and Fischer, List, Koh, Imberger, and 

Brooks (1979). Generally, the most importafft^afrxtftese features are: 

• Fairly uniform diffuser port 

• For each port, the densimetric Froude number, F , of the 

discharge plume should be greater than oflfi to Insure that 

there is no salt water intrusion into the diffutser pipe. 

where: 
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TABLE 3. PHYSICAL CHARACTERISTICS OF PROPOSED 
NEW BEDFORD DIFFUSER 

Port orii£^ati6i#;:;6$ngle in degrees 
from h z o n t a ;  ; 0° 

Port dî |̂ ;;g|||: 0.102 m (4.00 in) 

Water depWaitiove ports 13.7 m (45 ft)a 

Density of effluent.......................... 0.996 gm/cm3 @ 18.3° C


M11mK*\v* f\^ nr\ v»-4-*- "X'X;.X '.'•'.*'•'.'•'.•  186 Number of ports %&£ ';$&


Port spacing (betwê Scew-tiĝ Vine of

staggered ports);:;:;;;;:;:; 'W± 1.5 m (4.9 ft)


Design port discharge:-:! W^. 0.017 m3/sec (0.397 MGD)


The applicant indicates a 15-m y;?!J!$i"cal distance between the water surface

and outfall port center! ine in Seĉ t&i B-l-A. However, the depths shown and

both the applicant's Figure A-3, jj;:; DKHPLM runs indicate a depth of 13.7

m, which is used in this
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^-WMOVMLE BULKHEAD TOR OfANMS 

REFERENCE: FIGURE A-6, NEW BEDFORD 301(h) APPUiCATION, 1979


Figure 4. Preliminary design of proposed diffuser,

New Bedford, MA.
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u = port discharge velocity 

iiS&x^ îrt diameter 

.ion due to gravity 

density at the discharge, depth 

Pe = effluent density 

pipe should be greater than 0.6 

0.9 m/sec;;:;p - 3;f£/sec) for average flow conditions 

• The total area of ports;...,l..pcated downstream of a diffuser 

section should not ex^i^pne-hal f to two-thirds of the 

cross sectional area p£::;i:h££:;:section. 

As part of this review procedure, the flow distribution in the proposed 

diffuser is calculated using a diffuser:xhyd;paiy:^:c:s computer program. For 

this program, friction in the diffuse£;:;£ipe is expressed in terms of a 

Manning's n value. Since the appl icanti^id^sSn'xjt provide a coefficient of 

friction for the diffuser pipe or a pot^jsiischarge coefficient, the flow 

distribution in the diffuser is calculated for values of Manning's n in the 

range 0.010 - 0.016. The resulting port discharg^^^i^^jir^uniform for a 

value of Manning's n equal to 0.012; therefore, a value ;̂ f;.x:0.012 is assumed. 

The diffuser ports are assumed to be bellmouthed, anjl̂ ihe port discharge 

coefficient is given by: :x:xx:.': 
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CD (J) = 0.975 (1-J)°-375 

where: 

J * V2/2gE 

V * flow ye-tocity in the diffuser pipe at a given port 

g = acceleration due to gravity 

E = specific energy of a given port 

The slope of the Diffuser fs a lso required for evaluat ion of the f low 

distribution along the- dif fitter. As mentioned, detailed bathymetry of the 

area is not yet ava i lab le ; therefore, the d i f fuser is assumed to be 

horizontal. Examination of NOS Chart 12320 of Buzzards Bay indicates that 

the ocean floor is relatively ?ev«3 at the proposed discharge site. 

Generally, as the slope of an ocean sewage diffuser increases, the variation 

in port discharge also increases. If bathymetric studies of the discharge 

site indicate that the diffuser wi l l not b-e Horizontal, the hydraulic 

characteristics of the diffuser must be Devaluated. 

For the present diffuser design, pOfi; f lows are uniform. Variation 

between the minimum and maximum port d ischarges is less than 2 percent for 

the design flow rate and the highest 2- to 3-h flow rates reported in Part 

B, Section 1.2 of the application. 

The port densimetric Froude numbers are greater than one for the 

design and highest 2- to 3-h f l o  w ra tes . For the design f low rate, 

22 



velocities in the seaward half of the diffuser are below 0.6 - 0.9 m/sec 

(2-3 f t /sec). However, a removable bulkhead at the seaward end of the 

diffuseS:|:i|;$&1;$j:i:'il̂ ial:ed on the schematic drawing of the diffuser (see Figure 

4). Ocir^onal^^moval of the bulkhead should preclude problems due to 

possibl^sedime.tiriiJiiifccumulation. The ratio of total port area to the area of 

the d 

The proposed W^-^d^f-o'f^diffuser meets the important design criteria 

listed earlier. Tlî ^ l̂jt̂ îttie hydraulic design of the diffuser appears to 

be acceptable. 

In order to investigate wheth.e.r.. the proposed New Bedford diffuser is 

likely to achieve reasonable initjj^i^il utions, it is compared to diffusers 

of other ocean outfalls. The e|;0u%'̂ $. f low rate considered is the design 

flow rate of 3.162 m3/sec (72i|# MGfi|£; Comparisons of various hydraulic 

parameters are shown in Table 4. As indicated in this table, the port 

Froude numbers and energy ratios cal cul^^SfefK^e design flow rate are 

slightly below the range reported fojp^ther out fa l ls . The remaining 

hydraulic parameters compare well with tttos^&feother outfalls. 

The densimetric Froude number represents the ratio of port discharge 

speed to effluent buoyancy. As this ratio increases* the immediate initial 

mixing achieved also increases. The densimetric Froude numbers calculated 

for the design f low rate indicate that the plume wil l have less initial 

momentum and therefore the initial mixing wil l be sl-fojhtly less, in a 

comparative sense, than that of other outfalls. The energy ratio behaves in 
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TABLE 4. DISCHARGE CHARACTERISTICS, PROPOSED

NEW BEDFORD DIFFUSER


New Bedford3 Other Outfalls


Densimetrie Froude number F 13 15-30b
o

Depth/port diameter h/d0 147 100-700b


Depth/port spacing h/1 10 2-75b


Energy ratio B 11-12 15-20b
o

Total port area/pipe area area 0.58 0.44-0.63°


factor


Design flow rate/diffuser length Q/L 0.013 0.009-0.038 

,1/2

Fo • V<Vdo> 

U = port discharge velocity

P,-PP


g '= g _L_e

0 pe

g = acceleration due to gravity


PS = seawater density at discharge depth


pe = effluent density-


d = port diameter


h = water depth


1 = port spacing


B0 •(h/do)/Fo


Q = total effluent flow rate


L = diffuser length


Discharge characteristics calculated using a design flow rate of 3.162 m^/sec 
(72.17 MGO). 
b Grace (1978). 

c Fischer et al., 1979. 
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the same manner as the ratio of the potential to kinetic energy of the 

discharge plume. As this ratio increases, the port flow is more plume-like 

and as £&*$ ^atiO decreases the port flow is more jet-like. The energy 

ratio commuted for the design f low rate indicates that the plume will be 

more jet-tike. The effect of a more jet-l ike port flow is to entrain more 

water at the" £ort depth. In a stably stratified environment this makes the 

plume heavier than if it were more plume l ike and may somewhat reduce the 

overal l dilution achieved,. The actual initial dilutions achieved are 

discussed in a later section of this review. 

Flow Rates--

The applicant states that tfr$ maximum flow rate representing the 

highest 2 h during an average day is presently 2.018 m3/sec (46.06 MGD) and 

is expected to be 2.022 m3/seq {46.15 MGD) at the end of the permit term. 

The design flow is 3.162 m3/sec (72.17 MGD). Other flows are used in the 

water quality sections of the application. The minimum and average flows 

are said to be equal 0.483 m3/sec (11.OZ NGD) and 1.097 m3/sec (25.04 MGD), 

respectively. No supporting evidence is presented. These flow rates are 

assumed to be correct as stated. 

Ambient Density Gradients--

The regulations request the applicant to identify each of the following 

critical environmental situations. 
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• Period of maximum hydraulic loading from the wastewater 

facility 

• Periods of low background water quality due to natural 

•Conditions including low DO, excessively high and low 

tuffeidity 

• Period of ^KteptiQinal biological activity 

• Period of "law net circulation, low effective net flushing or 

low intertill mixing 

• Periods of minimum and maximum stratification. 

In Appendix I of the application a brief d iscuss ion of the critical 

environmental situations is presented. The appl icant contends that all 

critical situations occur during the summer exce.pt for the period of minimum 

Strat i f icat ion. Arguments for these conc lus ions are very brief and 

sometimes nonexistent. However, the applicant's conclusions appear to be 

correct. 

The regulations request that the applicant provide ambient density 

gradient lines for the region of the outfall diffuse for each of the 

critical seasons d iscussed a b o v e  . Ei ther worst-c-a-se st rat i f icat ion 

conditions or lowest 10 percentile stratif ication conditions should be used 

for initial dilution computations. The applicant states that this question 
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is interpreted as requiring a "worst case" density profile developed from 

actual data measured in the discharge areas for use in the subsequent 

initial dntitSo-n analyses. The applicant then presents actual density 

vs. depth data for the present and proposed discharge areas and from these a 

single ''-worst ca-s-e" density profile is developed and used to compute a 

lowest dilution. This approach is val id assuming the "worst case" profile 

does indeed give the lowest (or lowest 10 percentile) dilution. 

The applicant ba-s-es the arguments on the (implicit) premise that 

highest linear stratificaitfon from the bottom to the wa te r ' s sur face 

represents the critical density profile. Temperature and salinity data from 

the areas shown in Figure 5 (appT.i-c.-ant' s Figure B-l) are used. Figure 6 

(applicant's Figure B-2) shows the annual monthly cycle of top and bottom 

temperature and salinity at the Boston Lightship. From this figure, it is 

evident that the annual salinity, variat ion is approximately 1.7 ppt while 

the annual temperature varies from 2° to 18° C. Table 5 (applicant's Table 

B-2) gives a numerical tabulation of the -cycles on- the previous figure along 

with the corresponding densit ies. The maximum density difference between 

top and bottom is 2.25 sigma units measure-d during the month of July. 

Assuming these measurements are applicab-tfe -directly to the proposed outfall 

site for New Bedford, this dif ference corresponds to a density gradient of 

0.15 sigma units/m (0.05 sigma units/ f t ) . The applicant also, reviews data 

gathered at the outfall areas during the summer of 1979 and a historical 

compilation of data on New Bedford Harbor (E l l is et aJ . , 1977). Table 6 

(applicant's Table B-3) shows seasonal surface and bottoci density data for 

New Bedford Harbor obtained from these sources. 

27 



N 
/K 

A T L A N T I  C 
OCEA N 

BOSTON LIGHTSHIP 
LOCATION 

MASSACHUSETT  S 
BA Y 

NEW BEDFORD: 
AND APPROACHES' 

BUZZARDS gy 
BAY- " 

so 
_l NAUTICAL MILES 

T~~J KILOMETERS 

SO


REFERENCE: FIGURE 8-1. NEW BEDFORD 301(h) APPLICATION: 1979


Figure 5. Location of New Bedford Harbor, MA, and areas

from which data were explicitly examined.
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32.4-4 

Annual Cycle of T/S Relation 
1956 ­ 1970 

32.2 -4 Boston Lightship 
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REFERENCE: BUMPUS. 1974 

Figure 6. Illustration of annual salinity/temperature in

Massachusetts Bay (New Bedford, MA).
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;:;>;;x;T:ASL&;te;. SURFACE AND BOTTOM SALINITY, TEMPERATURE, AND

W£. 'Wi DENSITY DATA FOR BOSTON LIGHTSHIP


:xx-x-:-:-xx:::::£4ii:iom Surface Density0


Month Salinity3 Temp Salinity Temp Bottom Surface Difference


Jan 32.40 ::v: .32.38 3.9 25.773 25.738 0.035


Feb 32.47 :;x:;S2,.5...,;:;::12.33 2.6 25.933 25.813 0.120


P§1|:;32.21
Mar 32.28 |2.4 25.797 25.733 0.064


Apr 32.02 :;:;:::i:;:;3.2 '%.|l.48 4.8 25.516 24.934 0.217


May 31.63 4.6 30.79d 9.2d 25.073 23.822d 1.251d

:
June 31 .66 5.2 30.9?;x x:xl3.5 25.033 23.163 1.870


July 31 .75 6.1 3i..i;5;x:«6.3 24.999 22.748 2.251


Aug 31.85 7.2 3*®mmm.o 24.937 22.756 2.131


Sep 31.85 8.8 m$i mi 24.708 23.233 1.475


Oct 32.01 9.2 31.79 12.3 24.771 24.066 0.705


Nov 32.12 9.1 31.99 9m*#*&*3S:-x 24.756 0.117


Dec 32.16<« 6.5 32.15 em*2fc 2-Jb^ 25.239 0.036d


a Units of ppt.

b Units of °c.

c Units of °t ̂ .e. , at =- (p-D X 1000]•


Correct value, original table in appl ication in er;£$£•


Reference: BumpUS 1974. . . x-x-x
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TABLE 6. SURFACE AND BOTTOM DENSITY DATA FOR NEW BEDFORD HARBOR


:Bottom (10 m ± depth) Surf ace v:;x::: 
Density A Density 

Salinity Temperature Sigma t Sal ini ty Tempera tuire;x::'-:-:-:-x-: $ f :C(ma::' t Sigrna tu
Season ppt u C Units PP.t .  c xx-;* •X-XvX-XjijftjtS Units 

Winter 28.30 2.00 22.642 aoipilllii::ii;ii.20 21.834 0.8 
(January 6, 7) 30.20 1.70 24.177 3o.oo m± Sis 1.20 24.046 0.1 

OA 0AX-XvXv*'Xv. • •' Springb 31.10 8.75 24.133C 
OU vQLJ.'.'.v.".v.' •.•.*-'.'•'•'II 9. 50 23.781 0.1 :

(April 28, 29, 30) 30.80 8.75 :,..23.898C 3oi Sby''-"' '":m-•' 9.75 23.508 0.2 
30.80 9.00 Wy.g&tfiSfl. . 30.80 10.00 23.702 0.2 

2pgcWi:& Summer 31.86 22.00 tox 31.34 25.93 20.3 3.5 
::; : :(July 28, 31) 31.99 20.58 . .-.•x22:^3::x xx

:^:'v 31.68 23.76 21.2 1.1 
32.42 21.52 :x:x:iJ!2-:.-'4' ' 31.88 25.66 20.8 1.6 
31.60 wmmmm •'•" 21.3 31.20 26.17 20.1 1.2 

(August 17) 33.00 23.1 32.62 23.84 21.9 1.2 
32.90 x'X;:22.08x'X.! 22.6 32.64 26.08 21.1 1.4 

Autumn 30.60 9.50H: 23.625 30.50 9.50 23.548 0.1 
(November 26) 9.25:;x; 23.664 30.00 8.90 23.250 0.4 

a rr — / •••••'l''V'°\ 
t ~ \ P ~'°°''*lvX'f p = density (g/cc). 

From El l is et al . , 1977. 

c Correct value, original value in error (from application)


By CDM (Appendix III).




The applicant states that "based on all of the data reviewed, it 

that the summer corresponds to the period of maximum 

stratifj$i$|lon W$ne area of New Bedford Harbor. The site specific data 

collect*^:; effo::j;!i;:;:sponsored by the city of New Bedford was, therefore, 

conditions." This appears to be appropriate. 

The appl i cant î at̂ S t̂̂ a:̂  the density gradients measured in the outfall 

 severeareas during late JSSsl̂ 'll̂ t more  stratification than gradients 

measured in mid-Augijijjjiit. Fibres 7 and 8 (appl icant 's Figures B3 and B4) 

show some of the md£tx':st ratified profiles measured and the selected "worst 

case" profiles for July andAugust-.,:.:.:F.espectively. From these figures it is 

evident that the late July profil^Sijijire more stratified than those measured 

in late August. The appl ican^ta^s that during late July, 1979, the 

weather was unusually hot and x|fe applicant contends that this type 

of weather pattern during summer is likely to produce "worst case" density 

conditions and thus exp la ins the d i flf^f&fi££$t3 n the July and August 

profiles. This appears to be reasonable-iSS; 

As part of this review, initial dllupifins are computed for the profiles 

closest to the site of the proposed diffuser and the applicant's critical 

July and August profiles using a total effluent f̂ i||ijjĵ j;;|jjj; 2.018 m3/sec 

(46.06 MGD). The EPA computer model PLUME is used beca |̂i the DKHPLM model 

is limited to linear ambient temperature and salinity ;§^ijlients. As shown 

in Table 7, the lowest dilution predicted is associated Ijjftth the applicant's 

worst-case July profile, which is considered critical. 
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REFERENCE: FIGURE B-3, NEW BEDFORD 301(b) APPLICATION. 1979 

Figure 7. Density profiles as recorded on July 28, 1979, New Bedford, MA.
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S7 '\ (SEE FIGURE A- 2) 
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REFERENCE: FIGURE 8-4, NEW BEDFORD 301(h)


Figure 8. Density profiles as recorded on August 17, 1979,

New Bedford, MA.
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iivxî kSdifcAL EFFLUENT FLOW OF 2.018 m3/sec.(46.06 MGD) ' 
„. ­

Prof i 1 e;:;5$ie . a^Siati on 
Initial 
Dilution 

Trapping 
m 

Level3 

ft 

July 28vxi-^;:: Nation C ' 101 7.7 25.3 

August 17, 1979, Station 8 260 1.5 4.9 

Auaust 1 7 1Q7Q ^f'it-'thn Q xv:-x 230 1 2 3.9 

July worst Case ixix^xxiixx^x:.. 86 8.2 26.9 

:•:•:•'.•'•:• •.-.-.-.•. f\
August worst case :•:•:•:•:•:• x^x 129 6 .d. 2U. 3o 

a
 Trapping level expressed as depth below the surface.
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The DKHPLM computer run for this profile and effluent flow (which is 

ĵ iiiEjij-iwrilî jfeii.-next subsection) shows that the plume is trapped 4.7 m 

(15.4 f:£££abov:£:i:£he d i scha rg  e depth for this c a s e  . This height is 

equivalfcijigto a.:|egth of 9.0 m (29.5 ft) below the water surface. Since the 
•"*!•"*.''.'','','. *.•.•/.*.'.•.*.*.*.*. -* 

sharp dec:f:$a$ ;̂:.;i'jit::'density for almost all of the measured profiles occurs at 

a more shallow depth, the appl icant 's artif icial profile is conservative. 

If, however, den si t îgf^ft^S: having a strong thermocline which occurs at 

depths greater thari::;̂ $̂;:::̂ ;:b m (29.5 ft) were found, then these profiles 

might give lower intfifcijial df|:ti$ions. Profile 9, which is shown on Figure 8, 

is not sufficientVy^Strati^fed at a depth near 12 m (39 ft) to trap the 

plume at that depth. The only seasons during which this might occur are 

late summer or early fall. SS-S-S-

Initial Dilution— 

The applicant computes a single c^^^Vxt.jrtitial dilution for the 

proposed outfall using the EPA computer^&tie} DKHPLM. A computer printout 

showing the input data and the result^S^i^ven. The crit ical average 

initial dilution is reported to be 76 to :;:i;ix;.
: 

The DKHPLM computation is strongly dependentigj^iii^l^je^aiftibient density 

stratification, the port effluent discharge f low, and ĵiiie ambient current 

speed. As noted in the previous subsection, the applicant's density profile 

is conservative. The discharge velocity used converts;::tb:: a total effluent 

flow of 2.2 m3/sec (50 MGD). This flow is higher than either the present or 
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estimated end of permit term maximum 2-h flows and is conservative since 

higher effluent flows give lower initial dilutions. [The actual critical 

flow equals &.038 m3/sec (46.06 MGD).] The ambient 10-percent current speed 

is estimated from current meter data collected at six stations in the area 

of the existing and: proposed outfalls (see Figure 3). Statistical summaries 

of the data are. presented in Apendix IV of the application. The lowest 10 

percentile current speeds for all six locations are shown in Table 8 (from 

page B-16 of the apjrtteattOR). Station C is located in over 12 m (40 ft) of 

water near the prop0s-e<t discharge site. The stat ist ical summaries at 

Station C show that $£eeds in excess of 3 cm/sec (0.14 ft/sec) occur over 90 

percent of the time at this location. Therefore, the applicant selects a 

current speed equal to 3 cm/sec (Q.14 f t /sec) for the initial dilution 

computation. This is a conservative choice based on the app l icant 's 

sources. A review computation based <in the 1980 tidal current tables (NOS 

1979) indicates that current speeds exe-eed 3 cm/sec (0.14 ft/sec) 95 percent 

of the time at NOS Station 1150 (1 mi southeast of West Island) in Buzzards 

Bay. Therefore the "worst case" condtticms- that the appl icant uses to 

compute the critical initial dilution appear to be conservative. 

The initial dilution that the applicant reports, 76 to 1, is the 

dilution calculated for the maximum height of rise of the plume for a total 

effluent f low of 2.2 m3/sec (50 MGD). This is t>o-t tecftnieally correct 

because in cases of no current or a weak current, Ifte plume does not 

continue to entrain ambient water throughout its rise. As a plume rises in 

the water column it will reach a level at which the density of the plume 

equals the density of the ambient water. The plume wi l l rise past this 
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;.... SUMMARY OF THE LOWEST 10 PERCENTILE CURRENT SPEEDS

&. MEASURED AT THE OUTFALL AREAS


jiSt&tion Lowest 10 Percent Speed


2.06 cm/sec


2.7 cm/sec


4.7 cm/sec


i:ĵ x::-:i:S:H$ii:i:j::.. 4.6 Cm/SBC

(near Attornj::;:::'::i:j.


T"" 1.57 cm/sec

(near surface)


I ŜHx 0.92 cm/sec

(near bottom) £$££.


II .jSjiS:::::::*?̂' 2.09 Cm/Sec


III jji :1|| 3.46 cm/sec


Reference: City of New Bedford 301 (h) ap.pHc.at.i.9n.,..page B-16.
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level due to its momentum. Eventually, the momentum of the plume will be 

dissipated, and it will fall back in the water column to a level at which it 

is neutj^^liy^itia/it. The plume will then begin to spread out laterally. 

The reg3$$ abo'iiî the density equi l ibr ium level or trapping level is 

identif^ifeas a.̂ ste field. Even though mixing is occurring from the point 

of dischta^& îj-î ijiih'e maximum height of rise, the dilution of the effluent 

with clean ocean water ceases when the plume reaches the bottom of the waste 

field or trapping £y mixing which occurs in this field 

does not 1 s dilution in the sense that it does not 

lower the concentrain of:;t ie effluent since it is mixing with previously 
:£:discharged dil ute&^f fl uen ; Becaus  e of this phenomenon, it is more 

reasonable to look at the dil utiorj.Sx.cal culated for the density equilibrium 

level and ignore the additionaT:x
::#i|£ution theoretically provided by the 

continued rise of the plume paj££;'t£ii:i$ level . On this basis, the "worst 

case" initial dilution achievedj^om' t^New Bedford proposed diffuser is 60 

to 1 for an effluent flow of 2.2 m3/sec (50.0 MGD). 

The initial dilutions for the five £-j:$ws of interest are also computed 

using DKHPLM. Table 9 presents these d f ̂ ifctoffs and the associated heights 

of rise for the July 28, 1979, density 

Use of EPA Initial Dilution Models--


The applicant uses the EPA recommended model for the initial 

dilution computations.
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TABLE 9. INITIAL DILUTIONS PREDICTED USING THE MODEL

DKHPLM AND THE APPLICANTS WORST-CASE JULY DENSITY PROFILE


Initial Height of Rise 
Dilution m (ft) 

Minimum f ^ 2  ) 112 3.2 (10.4) 

Average ^$¥f*$$.04) 74.4  4 _ 0 (13>1) 

Maximum - 2.018 (46.p.§),:,.>,,:,,,.,._ 58.8 4.7 (15.4) 

Expected iSS:........':%&

Maxinwm - 2.022. (46. j::gg:gp*: ' 58.7 4.7(15.4) 

Ultimate -:-m 
Design - 3.162(72.li!| || 50.1 5.2(17.1) 
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Critical Initial Dilution with Respect to Ambient Dissolved Oxygen--

computes a single initial dilution and indicates that 

this va|i;ti£ is i?r:1:tical in all respects. This is correct; however, as 

discuss^|:|revio^$tiy, the critical initial dilution is that computed for the 

point aiî iifcS'̂ e' piume has reached its equilibrium level. Therefore, the 

critical initial dilution with respect to ambient DO is 58.7 to 1. 

Critical Initial Dt^f i i j ' t l Respect to Ambient pH~ 

The applicant ::t:olfnputesx':a'- single initial dilution and indicates that 

this value is critical in all respects. This is correct; however, as 

discussed previously, the criticaiiii^^tial dilution is that computed for the 

point at which the plume has rea^^d/ îiis equilibrium level. Therefore, the 

critical initial dilution with^ri^pect^fto pH is 58.7 to 1. 

Critical Initial Dilution with Respect toj:;:§«sp^nd,̂ d::::5olids--

The applicant computes a single î .̂ a îdil ution and indicates that 

this value is critical in all respect^:;:; This is correct; however, as 

discussed previously, the critical initial dilution is that computed for the 

point at which the plume has reached its equilibriuft:;:̂ ;̂  the 

critical initial dilution with respect to suspended soli$sSis 58.7 to 1. 
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Effect of Ambient Currents and Stratification on the Plume--

t l s respons  e to t h i  s s u b s e c t i o  n c o n s i s t  s o f an 

oceanog|$||ic rgjj£|t summarizing the results of drogue, current meter, and 

water q&felty m îtirements taken during the summer of 1979 and a supply of 

dilutioftx^ti^fecicwiputation. The discussions on measurement techniques and 

data tabulations are not here reviewed. The review commentary concerns only 

that which is dire^^^^f^.. in the description of farfield dilution and 

water supply. #:!£&::;: 

On the basis oWhe oceanography study of about 1-month duration in 

July and August, 1979, the applicatn.t,.:concludes: 

1. The effluent plume trigijjjUjii&jp. the northeast 3,000 m (9,842 

ft) on a f looding $We"W<&.a s im i la  r distance to the 

southwest on an ebbing tide. 

2. A net current to the north to nipr^hwesteriy direction having 

speed 0.022 m/sec (0.043 knotsjjj;:; The net current is 

not uniform in time or location within the harbor 

and within Buzzards Bay.


3. The net flux pattern into and out of Buzzap&s'i:; Bay is not 

completely understood. $y& 
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Although not explicitly stated by the applicant, the first conclusion is 

valid only at the site of the proposed outfal l . Figures 9 and 10, 

respectfvely, sho* drogue paths on a flooding tide (July 31, 1979) and on an 

ebbing X-itfe (August 21, 1979). The movement near the present site is 

northward <sn a fla-oding tide and southward on an ebbing tide. The tidal 

excursion 4? the- present site is roughly one-half the tidal excursion at the 

proposed site. Table 10 summarizes some of the statistical information 

derived from current Tneter measurements, the locations of which are shown on 

Figure 3. Station A* is n^ar the present outfall, while Station C1 is near 

the proposed outfall $ite. At the proposed site the average current is to 

the northwest at a <iepth of 4.7 m (15.4 ft) and to the north at 9.3 m (30.5 

ft) depth. The effluent plume is trapped 6.9 m (22.6 ft) below the water 

surface. Hence, the appropriate .net current direction and speed is 

approximately the average of thosfc computed at station C 1 at the two depths. 

The net current direct ion far Station A  ' is northerly as wel l . The 

applicant's Conclusion 2 is val id although the net speed given is somewhat 

low; Conclusion 3 is also valid. 

The applicant uses these first two conclusions to argue that there is a 

sufficient supply of dilution water. The conceptualization of the argument 

is illustrated in Figure 11. The flooding and ebbing tide directions are 

first shown. Then the flux ava i lab le for dilution is compiled using the 

reasoning that s ince the net current is perpendicu lar to the tidal 

excursion, the cross-sectional area is two times the t>tfal excursion times 

the height of rise. This computation is not appropriate for the intended 

purpose. The initial difficulty is that the effluent plume is over the 
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NEW • - • • .  „ 
BEDFORD"'; 

.. .' SOUTH 
: • DARTMOUTH 

rqnrrt 

NAUTICAL MILES 

~] KILOMETERS REFERENCE: FWl#E 11-12. NEW BEDFORD 
2 APPLICATION, 1979


Figure 9. Drogue movements on a flooding tide, July 31, 1979

(New Bedford, MA).
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NEW '• ••'•''" 
BEDFORD -.. .r/tinriMvcil ~ " • .i'dV"- *. •• .•".-• • • 

NASKETUCKET 
BAY 

••.: • m .:? 
:•••• • o •:; 

NAUTICAL MILES 

REFERENCE: FIGURE 11-13, NEW BEDFORD

310(h) APPLICATION, 1979


Figure 10. Drogue movements on an ebbing tide,

August 21, 1979 (New Bedford, MA).
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SUMMARY OF APPLICANT'S CURRENT METER DATA,

NEW BEDFORD, MA


Current Speed (cm/sec)

East North Speed


Station-̂ *™-*™*'''


Mean -1.13 4.15 6.49 

x
Standard deviati^fitS: '.;x.;:i. 3.55 4.76 3.42 

Station C1 (4.7 m ̂pj|;|:|£'


Mean $££ :;x;i
x.: -2.90 3.45 14.17 

Standard deviation"" 12.82 8.75 7.77 

Station C1 (9.3 m depth)


Mean 2.83 12.11 

Standard deviation 8.90 7.07 
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Wilbur Pt. ilbur Pi. 

•'.•V.9HJ2ZAROS BUZZARDS 

BAY 

NET DRIFT DIRECTION OF:-:-:-' XNET DRIFT DIRECTION OF" / 
PAST OUTFALL INCOMING TIDE:;*? BAST OUTFALL OUTGOING TIDE S 

'xibCATION LOCATION 

INCOMING OUTGOING DIRECTION OF DIRECTION OF I TIDAL EXCURSION, 4 TIDAL EXCURSION ' TIDAL MOTION TIDAL MOTION 

FLUX OF AMB^HT:SEAWATE-«:fl4-TO PLANE OF MIXING' 

( HEIGHT-OF- RISE) {2 a TIDAL EXCURSION 'LENGTH) (NET DRIFT VELOCITY) 

2» TIDAL 
EXCURSION 

••'"•'••'''MIX I'H'B REGION


NET DRIFT


REFERENCE: FIGURE B-5, NEU BEDFORD 301(h) APPLICATION, 1979


Figure 11. Applicant's conceptualization of plume movement

due to tidal action at the proposed diffuser

site, New Bedford, MA.
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diffuser only a short time. For this time only is a current available for


i nitial dilution, and the current used should be the net current at a


particû|:::|jtiiij|i:;;;;;:;:;[f this type of argument were to be used, then the supply


of dilut;^ wat6p;:i£t a given time is given by


m&Mm^'' uhL


Where : ;:::::;:;:;x#::|::::


u = net curreniitix&peed v


h = height of Ws'e of t:He':-eff1 uent plume


L = projected length of the dlf-.f-user relative to the current velocity


vector. .iSx&S 

On the average


u » 14 cm/sec (0.27 knots)


h = 6.9 m (22.6 ft)


L = 250 m (820 ft). tlPM


In this case


uhL = 241.5m3/sec (5,512 MGD) while


SaQ = 121.3m3/sec (2,769 MGD)


since
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Q = 2.022 m3/sec (46.15 MGD)


Sa||;;;pqiil;;:;:,


By thisijl^ine of.:.:r$asoning, on the average a sufficient supply of water 

exists.:;::;1:i)î ;:;:$:iii-:̂ 1y does not exist for the 10 percentile current speed, 

however, which the applicant claims is 3 cm/sec (0.06 knots). 

In the absen^r:Q;?!:-:^Sy:::constraining physical boundaries, the plume 

creates its own curiiiie t̂ fie}% sufficient to achieve the stated dilutions. A 

somewhat technical ^f^j-ument:fo':llows which demonstrates that, on the basis of 

laboratory experiments, SaQ is gre.a:t.;er than or less than uhL naturally for 

various u 's and hence SaQ computa î̂ is. are not indicative of whether or not 

a sufficient supply of dilution^ie'ifSe^ists. 

Roberts (1977) contains a description of laboratory experiments which 

were employed to determine the dilutiQn^Cj^eiy.^djxby a line source in an 

unstratified fluid. The results show igji&t the "behavior of the effluent 

after leaving the diffuser pipe is strong^i^ej^ndent on the value of F, 

where:

f ­ $ T
u = ambient current speed y£i. 

b = g'q ill 

49




p . density of setter at the differ depth - density of effluent 

p = density of effluent 

due to gravity 

per unit Ien9th of diffuser. 

ratio of th. 

('.... divided by) the energy of buoyancy. Figure ,2 frora 

s^ows the three fl||p̂ ||or various ranges of F when the direction of 

he a.bient curre||i|;||pndicu,ar to the dif fuser ax is . The actua, 

dilutions achieved|! «-rr.nt, having three directions reUtive to 

the diffuser axis JPfuncttfe of F are shown in Figure 13 ,f™ Roberts 

1977). On this figure, S 
surface dilution. The relevant 

dilution for water quality c.J t̂1.n. is the average di,ution S 

Approximately sa * V0.7. Not?||i;|r small F, * 

uH


while for large F


=
uH s ~O"  °'83 (Perpendicular'


where:
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a) F< 0.2. PfurnH-;ind:<io;»ti;«arn Wecge. 

0) 0.2 < F< T. Forced Sntrainmefll-j.titostTeam 
Wedge, and I 

/&&&$'•>&•.•
"w.:..y- :̂C'<^~'i\ 

c) F> 1. Ported Entrainment. No Upstream 
Wedge. Initial Attachment. 

REFERENCE: ROBERTS, 1977 

Figure 12. Flow regimes for a plume of infinite length

in a perpendicular current, New Bedford, MA.
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Figure 13. Experimental measurements of minimum surface dilution for a finite line 
source of buoyancy flux in a current, New Bedford, MA. 



q = effluent flow per unit diffuser length


u S:j§;$:;:5peed


H 'Ssiteiter i l ! t ih (= height of rise for an unstratified fluid). 

Using t iS iS iS fc fo  n of F, the equation for Sa for small F can be written 

q'2/3 H 

and hence, is independent of u. ............


Roberts (1979) contains a.^ijhQ^for computing the trapping level and 

dilution for a stratified flM^'usf^giiiithe unstratif ied fluid results, a 

variant of which is employed for the July 28, 1979, density profile which 

gives the lowest critical initial dilutJ9n^xx;:*3fc};e 11 contains values for 

Roberts F for various ambient current sp^&iis; and the maximum expected flow 

rate. The effect of current speeds in^SftifcxSange 0 - 0 .  4 m/sec (0 - 1.3 

ft/sec) is examined. Initial dil utions i^iojiiputed using Roberts' method and 

the July 28, 1979, crit ical profi le are a l s  o shown in Table 11. These 

results indicate that for low current speeds the in|̂ :̂ :l:;iii;:i[:ii:i:i:ti;j'0ns predicted 

with Roberts' method are somewhat less than the dilutiqifii^edicted with the 

DKHPLM model. m& 

53




TABLE 11. ROBERTS F AND INITIAL DILUTIONS FOR

DENSITY PROFILE FOR NEW BEDFORD, MA, APPLICATION


forj^anous Current Speeds


^•^^ Robert's F for

-Flow Rate


m/sec ft/sec 2.022 mj/sec (46.14 MGD)


0.01 ••••Q-.Q3. 0.0006 
0.03 WtimZim. 0.015 
0.05 ;S;$;i6 ';&£ 0.070 
0.10 ^£&888&-' 0.56 
0.15 WkM+m:-. 1.9 
0.20
0.25

 j:?p66
 IS&iiSZ

 'w£
 &X

 4.5 
 8.7 

0.30 ::S-ffiii98 '8& 15 
0.35 1.15 24 
0.40 1.31 ...... 36 

In i t ia l D i l u t i o n  s Predicted witftx
:$Q'fe£rt's Method 

Current Speed tmifmZ- Di lu t ion for Flow Rate 
2 022m/sec ft/sec mf'^Wk. - mj/sec (46.14 MGD) 

x'x'x0.01 0.03 'v'w"  38 
0.03 0.10 38 
0.05 0.16 ,,,,.,-,,,-.-,,,,,,,,,,. 38 
o.io 0.33 mmmmm si0.15 0.49 ;:g;x;y,,,,,,,,,,,,,. 63 

0.20 0.66 H:̂ ,,,,,,,. 72 
0.25 0.82 mfmm si 
0.30 0.98 $m 88 
0.35 1.15 M 96 
0.40 1.31 :**> 102 
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The supply of dilution water is intrinsically included in the results


of Roberts as shown previously in Figure 10. For small F,


! M­
ubH "


3For F = 0.05, 0.38R|||̂ :Pi|:&id as F becomes smaller, 0.38F-1/  increases. 

In this latter case^SiSiS:;:;; ;x'' 

A>1


which indicates that the rising;' piuHjî ;:. induces its own circulation field


which supplies water sufficient to achieve the stated dilution. As F (and


hence u, for a fixed effluent flow Q) iHcre-ases,. the ambient current flow


field becomes more important than the induced field. For ambient currents


flowing perpendicularly to the axis of th-e diffuser, this begins to become


noticeable for F approximately equal O.OSiwWhen F reaches 0.15, the ambient


current field completely dominates the induced flow field, and


= constant = 0.83 < 1
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Roberts (1977) Is based directly on laboratory measurements. The EPA 

computer program DKHPLM is based on physical principles and calibrated to 

model e%$$$$#$$j.. DKHPLM l i kew is  e induces a current field of sufficient 

streng^;:;|o ac||:|ye the computed dilutions. The DKHPLM model employs 

entrainjcfi^t fufl&iions which are functions of the local Froude number, 

velocit^'ix^tftie^dlameter, and spacing. Thus, a priori, there is little 

reason to require that 

Iff;; f'' SaQ = ubh, 

where: 

u = 10 percentile ambient 

As shown previously, the J îperceMjil e current speed for New Bedford is 

such that F is much less than 0.055 (see Table 8) and is in the range where 

induced currents dominate ambient currgR^x^iZfc^^cding to Roberts). The 

discrepancies between Roberts and DKJij:££;M di lut ions may be due to the 

differences between the physically and ma^^aWtally induced current fields 

or other causes. Fischer et al. (1979), ;|iii£ example, cautions that Roberts' 

"experiments were performed at a small scale where the Reynolds numbers are 

quite small. Their appl icabi l i ty to the field |̂ ;p|i!jifeir|fSre, still an 

unanswered question." $$& 

In this review, the DKHPLM results are accepted as 
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Zone of Initial Dilution Boundary--

The agplicaflt states that the zone of initial dilution for the proposed 

diffuser is a rectangle centered about the diffuser. The dimensions of the 

rectangle APB stated to be approximately 16.1 m (52.8 ft) by 264.3 m (867.1 

ft). These dimensions are computed with the maximum height of rise of the 

plume predicted witft the 0KHPLM model for the "worst case" conditions 

discussed previously 

If the formula frased on the assumed full water depth of 13.7 m (45 ft) 

is used to calculate the zone of initial dilution dimensions, the width is 

29.2 m (95.8 ft) and length is 277.4 si (910.1 ft). 

Zone of Initial Dilution 

The applicant reports the coordinates- -at ttte corners of the zone of 

initial dilution as follows: 

41° 32' 12" N ?fl° 52' 03" W 

42° 32' 03" N 70° 51' 57" W 

41° 32' 00" N 70° 52' 00" W 

41° 32' 10" N 70° 52' 07" W 

It appears that a typograph ica  l er ror was made in th-e second set of 

coordinates shown above. For the latitude l isted as 42° 32' 03" N it is 

assumed that 41° 32' 03" N was intended. 
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The coordinates that the applicant reports for the corners of the ZID 

define an- ^appropriately large area. As part of this review, the latitude 

and lortgttude fcf each corner are conver ted to Lambert state plane 

coordinates using the methods of Claire (1973). The distances between the 

corners sf the ZID are then computed using the Lambert state plane 

coordinates. The lengths of the sides are 310 m (1,017 ft), 116 m (381 ft), 

349 m (1,145 ft), and: 111 i» (364 ft). Using an average of the length and 

width distances show* $$ compute the area, a ZID approximately 9 times 

larger than the area encompassed by a rectangle of the dimensions reported 

in the previous s«ttion based on max imum height of rise is obtained. 

Therefore, these coordinates do not -appear to be correct. Since the exact 

location of the diffuser awai ts precise location of the proposed outfall 

itself (based on refined offstjore typography information), revised ZID 

coordinates are not calculated herein*. 

Ocean Discharge--

The applicant presents historical teisp-erature, salinity, and density 

profiles which are representative of seasonal conditions. However, these 

historical data are not gathered speci f ical ly at the existing or proposed 

outfall sites. The historical data are discussed in the Ambient Density 

Stratification subsection of this review. The applicant's site-specific 

data collection effort was focused on summer conditions. In Appendix III of 

the application the applicant describes the oceanograpbfc data collection 

effort as follows. 
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"A great deal of site specific oceanographic data were collected 

by the applicant in studying alternative to secondary treatment 

faf a discharge to the New Bed fo r  d harbo  r area. An 

oceanograpfrfc survey was conducted by Clearwater Consultants 

du^fcog the summer of 1979. The resu l ts of this work are 

presented here as Appendix IV. 

Also during the summer of 1979, personnel from Camp Dresser and 

McKee Inc. (COM) coll-ected data at the locations identified in 

Figure A-2. f-n response to Question 1-3, certain of these 

density-related data were pres-ented--other information relevant 

to DO is presented in Section 2. However, the applicant has 

chosen not to report all data in detail. For the period of 

August 15-17 (the sampling period) all data remain on file at 

COM and can be made avai lab le if required. Measurements which 

were made include temperature, saVin'ity, ccmductivity, total 

coliform bacteria, pH, DO, and SS versus depth as well as Secchi 

disk readings." 

Figure 3 (applicant's Figure A-2) shows the water sampling locations. 

Table 12 indicates the oceanographic data which w$^e. available for review. 

As indicated, data pertaining to suspended solids, Secch-i disc readings, and 

total coliform bacteria are not provided. 

59




TABLE 12. OCEANOGRAPHIC DATA PRESENTED IN THE

NEW BEDFORD, MA, APPLICATION


Dissolved 
Station---x-x-x -x-xxxjjji.e Temperature Salinity Oxygen PH 

A 1 w -•••••• July;x£8, 1979 X X


:B ' •:•: :::'-:::::'-.iJut̂ x^8, 1979 X X


C 1 July 28, 1979 X X


14 July 2]i:Ji::::i$?9;::::::::::::. X X X X


15 July 3ii:p|979 ..Ii . X X X X


17 July 3î ;:il979x::;x:x: X X X X


PL1 July 3ipt979 9. X X X X 

PL2 July 31, 1979 X X X X


PL3 July 31, 1979 X X X:« 

PL4 July 31, 1979 X X X


PL 5 July 31, 1979 .-x mmmm. X X X 
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During the summer of 1979, circulation in Buzzards Bay was investigated 

with current meter and drogue studies. The applicant states that current 

meter m^ '̂̂ î̂ ^ were made at six sites (see Figure 3). However, only the 

current^^ta medi.iillred by Camp, Dresser and McKee, Inc. (Stations  A 1 ,  B1 , and 

C '  ) are;:;pr£sent!̂ .;:;]tn the application. Thermographs were also installed with 

the cur^H îrReite't mooring at Stat ion  A 1 ,  B 1 , and  C 1 . Time series for 

currents and temperatures which are available are summarized below. 

• Station AxiiSiuMnts and temperatures at 6 m (20 ft) for 

July 28 4:$iiigust :i<&; 1979. 

• Station B '  : Currents an.dx.$..emperatures for July 28 - August 

13, 1979. Jill! 

t Station C 1 : Current£;|ricftemperatures for July 28 - August 

18, 1979. 

The applicant states that data were not ;£saiiabTe'at Stations B' and C 1 for 

the latter half of the sampling period du&li&i&ifouled tether and vandalism. 

Drogue studies were conducted on July 31, 1979, and August 21, 1979. 

Drogues were released in the vicinity of the ex$$;fc$iii:̂  and at a 

position approximately 1,000 m (3,281 ft) east of ££§•$$. Ledge (near the 

proposed outfall site). Two types of drogues were e^iijoyed: a surface 

marker and a subsurface drogue. One surface marker E&fea depth of 0.5 m 

(1.6 ft)] and drogues set at depths of 1.8 m (5.9 ft), 4.3 m (14.1 ft), and 
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7.3 m (24.0 ft) were released at each of the two sites. Drogues were 

tracked from approximately 0712 EOT to 1559 EOT on July 31, 1979. The 

due to the weather. On August 21, 1979, drogues 

were t r a c  d frofij||pproximately 0815 EOT until 1439 EOT, at which time the 

Coast Gti&rij inad^ftantly retrived several of the drogues. 

No detailed discussion is presented in this section on the fate of the 

material in the fafii^ttf^a'tt&ijthe plume dynamics which could be expected as a 

result of the curfl^fe^^sjiirrements which were obtained. The applicant 

states, "The effluen^iplume ji&s carried roughly northeast on the flood and 

;::;::southwest on the eb&:  Net fTfcx patterns into and out of Buzzards Bay are 

complex and not completely understo.o.cj.., except that on each tidal cycle there 

is exchange with Vinyard Sound, R#$i|$:: Island Sound, and Cape Cod Bay, which 

guarantees dispersion of constitj^fih'tfc'jfrom Buzzards Bay." 

The regulations require an assessment of the environmental effects of 

direct freshwater runoff from coastal aMf̂ i::::::::-!̂ :;:applicant contends that 
the ;ĝ x.-.-.v,,,,,,,,,. 

"pollution load impact of their jjiipiroved discharge would not 

appear to be any more detr imenta l if pollution loads from 

extraneous s o u r c e  s (d i rec  t runo f f  ) were rerco-vedk This 

contention is based on the analyses presented ill Sections 2 

through 4 where--outside the ZID--water qua! ityS^iriteria are 

shown to comply with State standards even iwfren ambient 

conditions are assumed to be 'wors t -case 1 . Even if ambient 
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condit ions we re to i m p r o v  e b e c a u s  e of structural or 

non-structura-1 controls applied to direct runoff from the coast, 

ity impacts of the modified discharge would be 

than worsened. The applicant, however, is 

tpsjjjcument estuary mass emission rates if required by 
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Section 2. Compliance with BOD or DO


Eff1


the New Bedford wastewater treatment plant exceeds 

the crit^WM.^'CFR 133.102(a) which specify that the 30-day average BOD5 

concentrat ion must be 30 mg/1 or less and the 7-day average BODg 

concentrations must|:S?;::::4:3::::ii|g|:l or less. The applicant estimates the 1986 

effluent BOD5 conce |̂̂ |̂ |;pll be 97 mg/1 based on the applicant's average 

influent concentrai|i0# of i3£:. mg/1 and the design removal efficiency of 30 

percent shown in Ap^e'ritiix XX:;::b:f the application. At present the treatment 

plant removal eff iciency is 1 ojw,;.::.r: The monthly average effluent BODc 

concentration during the period |&$«ry. 1978, through February, 1981, has 

been between 65 and 321 mg/1 (TallOIJi The applicant expects that control 

of the combined sewer discharg^jijto''t$i£. treatment plant and improvement in 

the plant processes will improve plant efficiency. 

State Standards--

The waters of New Bedford HarborS^jre designated Class SA by the 

Commonwealth of Massachusetts. The dissolved oxygen concentrations must not 

drop below a minimum of 6 mg/1. There is no receijiiî l̂ t̂̂ ri-: standard for 

BOD. |l;ii 
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TABLE i'i' BOD5 DATA FOR PRESENT NEW BEDFORD TREATMENT PLANT3 

Year MOM* 
Infl 

Minimum 
uent BOD5 

Average' 
mg/1 
Maximum 

Effl 
Minimum 

uent BODC 
Average 

5 mg/1 
;' Maximum 

1978 January
February 
March 

25 
13 
45 

98 
114 
125 

242 
310 
286 

15 
6 
6 

65 
73 
101 

117 
145 
178 

April 
May 
June 

• 34­
54 
52 

. 143 
131 
157 

222 
219 
241 

27 
45 
49 

135 
129 
137 

222 
262 
229 

July
August 

sa 
-

148 
-

282 
-

54 
-

140 
-

235 
-

September 
October —H7 -_b -355 

-
65 

-_ -213 
November tl-7 • 342 417 130 321 424 
December 73 151 310 46 160 324 

1979 January 12 91 195 7 78 202

February 53 84 229 31 87 210

March 37 93 183 3 100 186

April 22 9* 159 28 108 162


m
May 30 :146 18 135
-
June 35 9$ 188 26 123 218

July 41 99: 173 69 129 218

August 30 105 222 28 111 299

September 34 121 207 39 98 340

October 48 105 176 •- 6 110 207


1980 January 45 115 291 30 94 184

February 34 99 17? 6 76 159

June 30 113 Z16 32 94 166

July 26 162 &J 12 156 297

August 132 191 279 114 177 267

September 62 180 348- 80 181 260

October 123 262 435 100 230 424

November 105 213 351 94 198. 286

December 90 236 483 6& 16Q 330


1981 January 61 168 343 46 146 342

February 64 147 249 70 132 212


a Data are from Discharge Monitoring Reports for New Bedford treatment 
plant. 
b Only seven measurements reported. 
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Effluent Dissolved Oxygen--

sampled the dissolved oxygen of the effluent at the 

:j||5ife clarifier overf low. The dissolved oxygen concentration 

was 6.5:-:S^;l. ..Sedate and flow rate at the time of sampling are not given. 

The dataSwiiitili^discharge monitoring reports (Table 14) show that the 

dissolved oxygen has been measured at 0.0 mg/1 several times during this 

period of record, ^p '̂fiî ^d as a worst-case estimate in this review. 

Travel Times-- ::j:::jxj: 

The applicant computes the tat.a,!... travel time through both the existing 

and proposed outfalls as snowniiig&jxTable 15. The travel times to the 

existing outfall are based on a J$tig|ft|pf 1,006m (3,300 ft) and a diameter 

of 1.52 m (60 in). The times q^|cuta^ici in this review are within 1 min of 

the applicant's calculations for the existing outfall site. 

The app l icant 's ca l cu la t i on  s fori^ifie proposed site could not be 

duplicated. Estimates are made in this î Je îis'ing the following equation: 

T .
 (4 * P 

60 x Q 

where: W£ 

T = travel time, min £££ 
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&MS8&&XP&LE. 14. EFFLUENT DISSOLVED OXYGEN DATA3 

W&
f&ftth

 !£&
 -x^x-

Dissolved 
1978 1979 

Oxygen, mg/1 
1980 1981 

$ttti&&y&?'' 8.0 8.3 7.3 8.8 

February 5.3 8.5 8.6 5.6 

March :::x:!::;x::>:x::::::;:11- 6-4 8.6 - -

April £x:jiii:iS?£§iP 4.5 0 - -

May HI "•;!|| 5.3 5.3 - -

June :>x'::;::: m 0.4 2.6 3.5 -

July 1.2 0.2 0.5 -

August ::x:>x:x:> 3.2 0.7 -

September •x:x-: -x:x:x 1.0 2.6 -

October $m -si:;:;:: 0.9 1.0 4.0 -

November 0 0 3.8 -

December u-o - 7.0 -

a Data are from Discharge Monitoring Reports for New Bedford

treatment plant.


Note: Dash indicates data are not available.
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TABLE 15. ESTIMATED TRAVEL TIMES THROUGH EXISTING AND PROPOSED


Travel Time Through Travel Time ThrSu^xRrQptiiSfeiiv 
Flow Rate Existing Outfall, min Outfall and. Dt1 ?$»&#&#$&•' 

Flow Condition mj/sec MGD Appl icantd Review!:!;!;:̂  Review 

Minimum hourly 0.483 11.0 64 63 •:::::;:;:: 5$| 636 

Average hourly 1.097 25.0 28 28 ^mm^-'-rnm1 
280 

:
Maximum hourly 2.018 46.06 xmw :;xx:,.. 15 120 152 

Expected maximum 
hourly in 1988 2.022 46.15. ••mum:Wx--:-v-" 15 119 152 

a Applicant's times ar#;froifeTflble B-7 of the application. 



Ll = length of existing stormwater outfall = 305 m (1,000 ft) 

L2 - ijemjth of proposed extension including diffuser = 6,707 m 

$22,OGQ tt) 

A = -crs-$s-sectional area of outfalls = 2.63 m2 (28.3 ft2). 

The travel times CQntptrted >*> this manner are longer than the applicant's 

times by up to 125 rain i(Table 15). The total length apparently used by the 

applicant is 5,520 fit {18,110 ft). No reference to this or a similar length 

was found in the appT-1-catiort. -The IDOD values measured by the applicant did 

increase at longer travel times, s-a the IDOD at minimum f low conditions 

could be higher than the applicant^ value of 1.13 mg/1. 

Immediate Dissolved Oxygen Demand--

The applicant measured IDOD values- on three samples for each of the 

flow conditions shown in Table 15. The average of the three replicates is 

used as the IDOD value. The results are a$ follows: 

Flow Condition Average IDOD, mg/1 

/ 

Minimum hourly 1.13


Average hourly 0.3


Maximum hourly 0.1


Exp. max. hourly 0.1
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The laboratory data sheets show that the laborator  y procedure and 

calcula¥|̂ ':i|:$|||:!correct, although the experimental conditions are different 

from th ĵexpeStiacit to occur. The effluent dissolved oxygen levels of the 

samplesii.^e bejjjijjjgfi 6.5 and 6.9 which is higher than during the spring and 

summer SsiSfiSSftijitiy the data in Table 14. The receiving water dissolved 

oxygen concentration of 7.8 mg/1 is close to the observed minimum summer 

concentrations at i^ffiw$$&. outfall site of 7.1 mg/1. A dilution ratio 

of 1:1 was used The lowest dilution ratio at the proposed 

outfall site is 59ij||: Theoretically, if the IDOD is fully satisfied at the 

low dilution, the fraction of'-effluent used in the test should not affect 

the results. However, laboratory..:...1^sts have shown that in some instances 

the results do change. .S-SSiS; 

Background Dissolved Oxygen DatS 

Dissolved oxygen data are available^^^p^a^ions shown in Figure 14 

near the existing and proposed outfall s#££s on August 16 and 17, 1979. At 

the sites near the outfal ls the data (f̂ Jie'SjJS) show that concentrations 

below 6 mg/1 occur near the existing outf#£jE': site and close to shore. Other 

data are available for the period November, 1975, through April, 1976, in 

New Bedford Harbor (Ellis et al., 1977). These ||||||i|||ji that higher 

dissolved oxygen concentrations existed than in Augus|;pi979, so the data 

are not used in this review. W& 
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NEW :••-."

BEDFORD;^
•r-:-,v


NASKETUCKET 
BAY 

EXISTING 1.5» 
OUTFALL TO BE 
XBANOONEO n 

PROPOSED 
OUTFALL 
EXTENSION 
(6.7k») 

NOTE: 
{250•) 

'f 
0 

STATIONS 17 THROUGH 20 ARE IN 
NASKETUCKET BAY AND ARE NOT 
SHOWN ON THIS FIGURE. 

+ VELOCITY $A«n,J«G. STATION - COM 

I NAUTICAL MILES 
® VELOCITY SAMPLIMG. STATION ­ EG 4 G 

I 
• WATER SAMPLING STATION - COM 

0 A WATER QUALITY STATIONS ­ ELLIS ET AL.1977 

Figure 14. Location of water quality sampling stations,

New Bedford, MA.
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TABLE 16. DISSOLVED OXYGEN DATA FOR AUGUST, 1979a


m

x-x-x-.
i)£p£h

 ii&! ® ft

 ••••<<:•<<<
 ix'M

 &:S: 1 2 

 Dissolved Oxygen, mg/1 
 Station 

3 4 8 9 11 12 

o m;i;;^lxW7.o 7.3 7.0 7.3 7.5 7.8 6.8 7.1 

1.5 5 7.1 7.6 7.1 7.4 7.8 8.1 6.8 7.2 

3.0 10 m&mi&a. 7.5 7.7 7.9 8.1 7.2 6.9 

4.6 15 :;i?ii5xix:xi :::7j#: 7.6 7.8 8.0 8.1 6.0 6.6 

6.1 is *&3 ' •?:j$. 7.6 7.7 8.0 8.1 5.4 6.3 

7.6 25 ;;g;i;3 6: |̂ 7.5 7.6 8.0 8.0 5.7 

9.1 30 5.7 7.3 7.2 7.7 7.9 

10.7 35 fcm 6.7 7.7 7.5 

12.2 40 mm*. 7.7 7.1 

13.7 45 7.2 7.1 

15.2 50 7.1 

a Data are from letter from city of NewxBe x'-Massachusetts, to the U.S . 
Environmental Protection Agency dated:;H:aji' 20, 1981.
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The lowest ambient d isso lved oxygen at the proposed outfall site 

(Station 9) averaged over the height of rise of the plume is 7.2 mg/1. This 

;p«!:::Jf:$:. used in this rev ie  w as the ambient d isso lved oxygen 

concent)i!&i£i:on. '•'>, iie applicant presents the dissolved oxygen profiles at 

StationsSSSand 9: £hen states that 6.5 mg/1 represents a worst-case estimate 

of ambi$R:t;:.::.ic:itejid3:tfons since all values near the proposed outfall are 7.0 

mg/1 or above. The dissolved oxygen concentration of 6.5 mg/1 is used by 

the applicant in •^Iculations. 

The final dissolveqi^iicygenSjCpncentration is computed using the following 

equation: :*:'-:>£ 

D0
If * DO, +.pm IDOD - DOJ/Sa 

Q .;.^;.;.;.;^Jv.;._ a ' 

where: 

DOf = final dissolved oxygen 

DO = ambient dissolved oxygen conc&ftr^tl'ons, mg/1 
a 'X-X-X-

D0e = dissolved oxygen of effluent, mg/1


IDOD = immediate dissolved oxygen demand, mg/1 ;-.;


\ 

Sa = initial dilution. : 
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The applicant's calculation shows no change in the final dissolved oxygen 

concentration based on the following equation: 

J£;= 6.5 + (6.5 - 1.13- 6.5J/76 = 6.48 mg/1. 

For thei^o^^^t'tcal case when the dissolved oxygen of the effluent is 0.0 

mg/1 and the initial dilution is 59 (from the review dilution calculated for 

the expected max1m |̂p'̂ ::::l$j:::$art B, Section 1), the final dissolved oxygen 

concentration decr:jai|̂ g :̂;j-||:;:S.4 mg/1. If the averaged ambient dissolved 

oxygen concent rat liSjijijijof 7;i;S|mg/l is substituted for 6.5 mg/1, the final 
:::::;::­concentration is 7.:-i::::mg/l.

Compliance with Dissolved Oxygen $$:t 

The calculations show thaipitie"''fjijal d isso lved oxygen concentrations 

would be above the state minimum of 6 mg/1 at the proposed outfall site. 

Data were not available to calculate fio:$V:;:#4:5:5o9:Vfid oxygen concentrations 

at the existing site. However, avai l atij |:s;: field data show that dissolved 

oxygen concentrations below 6 mg/1 hav^gjjc.ciiwed in the vicinity of the 

existing outfall site. W& 

Effluent BOD— 

The applicant presents effluent BOD5 concentrators' at the required 

flow rates as follows: y£& 
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180 mg/1, minimum hourly flow 

, average hourly flow 

• :.:x:'-J59 mg$ jj; maximum hourly flow 

• 196.5 mg/1, expected maximum hourly flow. 

The source of t h e s ' r a t i o n  s is not discussed. The effluent BOD5 

concentrations e x h i i t e  d a&f.ange from 3 mg/1 to 421 mg/1 for the period 

January, 1978, thrdug^i February, 1981 (Table 13). Hourly flow rates and 

BOD5 concentrations were not available to compare to the appl icant 's 

concentrations. As a worst case ,;:;:|;iii$:>. maximum monthly average effluent BODg 

concentration of 321 mg/1 is $£$$L:i&l<?ng with the app l i can t '  s values to 

compute final BODg concent rat iojtj&v tftj^removal efficiency of the treatment 

plant is projected to increase to 30 percent. The estimated average 

effluent BOD5 concentrat ion is 97 mgtffc^ftxifcSSe (Appendix XX of the 

application). The maximum monthly averag^xitTif1 uent B005 concentration based 

on available data in Table 13 is 342 m|pSWsing the design 30-percent 

removal efficiency, the estimated maximurat^ifluent BOD5 concentration is 239 

mg/1. 

Final BOD Following Initial Dilution-- SwjS 

The applicant does not estimate final BOD^ concentrations. Estimates 

are made in this review for use in subsequent questions. No ambient BODc 
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concentrations were ava i lab le so the results presented here should be 

interpreted as increases above ambient. Using the applicant's effluent BOD5 

::̂ he increases in BOD5 concentration above ambient are 

j j j i j i and|:p3 mg/1 (Table 17). For the worst-case analysis, the 

increas£;|£ove J$|ient is estimated as 5.4 mg/1 under present treatment 

plant pep:feic!iftffliitie::'conditions. After the improvements to the treatment plant 

are operational, the increases in final B005 concentrations would be 1.3 

mg/1 under average^^ttl^Hi^and 4.0 mg/1 under maximum conditions. 

Compliance with Sta îpijBOD Crateria--

The state of Massachusetts do^s..:.:/iot have receiving water standards for 

BOD. The state does have a miniro^&sfcandard for dissolved oxygen of 6 mg/1. 

BOD Exerted af ter Initial |||utf$iit;::.and D i s s o l v e  d Oxygen Demand of 

Sediments--

In Table IX-3 of Appendix IX the apiTEijicant predicts dissolved oxygen 

depletions due to resuspension of sedim^lis^fl^ due to a steady demand of 

undisturbed sediment. The appl icant :pi£s not address the question of 

dissolved oxygen depletion due to BOD exertion in the water column. In this 

review, however, BOD exertion within the water colum'in îip^ 

Farfield dissolved oxygen depletion is computed u^Sijiig an extension of 

an approach developed by Brooks (1960). This approachfeaSsumes that as the 

waste field spreads lateral ly, it entrains dilution water whi le BOD is 
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TABLE 17. FINAL BOD5 CONCENTRATIONS


Effluent h

a BODg Final BOD5D


Initial Dilution (mg/T) (mg/1)


:£Xisting$!eatment Plant Performance 

'Average 'hourly 74 136.5 1.8 

Maximum hourly...,.,..,,,,.. 59 159 2.7 

Expected m r a u  m _^|:j 59 196.5 3.3 
;::::hourly iŜ S::;:;:i:;:;:;:;:;: ' 

Worst case isS; Wi; 59 321 5.4 
maximum :;£:;£ ::::i:;:;:. 

Projected treatment Plant Performance 

Average S^$:. 97 1.3 

Maximum MSg'S- 239 4.0 

a These are the review|i$:j:1uti6:iiiis:::from Part B, Section 1 of 
x':':'xthis document. •'x':'x

b Ambient 6005 concentration is a.s.s.Mm.ed...tP..t?e 0.0 mg/1 in 
al 1 cases. if^^t^^. 
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simultaneously being exerted. Vertical spreading is neglected. The lateral 

turbulent diffusion coefficient is assumed to be constant and is calculated 

based o||̂ ||̂ |h of the proposed diffuser and the four-thirds law (Brooks 

1960). Ill 'II! 

Ba^-iSsgfiS^final BOD5 concentrations shown previously in Table 17, 

the following "worst case" dissolved oxygen depletions are predicted: 

î:!:!̂ :-:!:???:::!::-! Dissolve d Oxygen 

•::|:::j:;:j V^A Concentration 

Following 

Final BOD5, mg/1 c°M#ion BOD Utilization 

1.3 Average f 1 ow|||ji|î cent removal 6.3 

4.0 Maximum f1 Wi:i:'30-p:iS|ent removal 6.0 

5 4«  Maximum flow, present removal 5.8 

efficiency t^tx-x^v* 

The receiving water data used to make tne^jpp'j&ijfjjctions are: 

• Ambient dissolved oxygen level = 6 .  5 mg/1 

(applicant's worst-case estimate) W^MMX 

• Water temperature = 22°C ZZZ 

• BOD decay rate = 0.25/day. 
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In the case where the final BOD5 is 5.4 mg/1, the dissolved oxygen level can 

drop be'^si^ff-^^Lndard of 6.0 mg/1 when the critical ambient conditions 

shown a|$v$ exists-:. Once the efficiency of the treatment plant is improved 

to at ls£$t 30 p«jp^ent, the dissolved oxygen level should not drop below 6.0 

mg/1. f  ; •££•••••••' 

In Table IX-$:;:^';Mp^.ftdix IX, the applican t used a mathematical 

approach to comput^i^^^bived oxygen depletions due to both undisturbed 

sediments and disi^i&ed pediments. The applicant does not follo w the 

guidelines contain^'-'-'-in the^echnical Support Document (EPA 1979) which 

specify using the bottom 2 m (6. $....££) of the water column for determining 

dissolved oxygen depletion. Rathe£i§|he applicant uses the entire depth of 

water and determines the deple^oi^t: the ocean bottom relative to the 

depletion at the water's surfae^;-: ':££:. 

The applicant equates the downwardv/.f:}^ and the sediment 

oxygen uptake and concludes that the oxygW^epietion due to a steady demand 

is 0.05 mg/1, and the depletion due to ai^fc^t demand is 0.5 mg/1. Since 

an error has been found in the appl icanf^'.pwork, the analyses are repeated 

here in some detail. 

The downward flux of oxygen due to turbulent diffusi^fcis: 

-K dc 
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where: 

F &$&^$£& flux of oxygen, g/m2/Sec 

K ii$;i|urbHJ?p| diffusion coefficient, m2/sec 

-^- = vertical oxygen concentration gradient, g/m4. 

At steady state tĥ ||̂ ||||̂ ual s the sediment oxygen demand if all other 

processes affectingjl^e disisdjl.ved oxygen concentration can be ignored. The 

applicant's approac:fr::$ssumes:::::i:-hat such a situation is true. This approach 

is equivalent to assuming that the.xc^rrent speed of the ambient water over 

the waste field is zero for a pr$$£j|jied period of time. Further, it also 

assumes that there is no hori?^:ita|::;:;exchange between the water over the 

waste f ie ld and the remai njjjjigr o'esj^nlc wa te r  . The only mechan ism 

replenishing dissolved oxygen at depth is vert ical d i f fusion. Such a 

hypothetical situation may predict conseriy^y^^h oxygen depletions. 

The oxygen depletion predicted usin îliitisiSSpproach is: 

Where: 

Sg = sediment oxygen demand g/m2/day
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ADO = difference in dissolved oxygen concentration at depths 

z and h, mg/1 

h i^Si i iwateej th, m 

z SSS-t^irtt'e, measured from the water surface downward. 

The applicant doeip;̂ t;: ĵi;§|ici tly use the above equation, but it is 

instructive to pres^pl̂ Sppl icant' s equation (d), Table IX-3, in this 

form. This expre;$;pon sf^s that the change in d issolved oxygen is 

inversely proportional to K În the applicant's analyses, z is set equal to 

zero so that the dissolved oxygen ..gradient is over the entire water depth. 

Including z in the equation adds :|p^al ity so that other situations can be 

evaluated. ^^..;££. 

The expression for the vertical turbulent diffusion coefficient used by 

the applicant shows that K is invers^l^x^PiQ^rtional to the density 

gradient. The formula reported by the apjil̂ cant is: 

K. i 
I 
P 

where: 

p = ambient water density,
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• = density gradient, g/cm4.


The app l̂l̂ ll̂ janeously reports that y is measured in centimeters, while 

it shou|||actu$||y be measured in meters. The applicant carries this 

mi stake :;|̂ ough.::|̂  dissolved oxygen calculat ions (as will be shown). The 

correct m$j®8ft$ti for K (Koh and Brooks 1975) is as fol lows (in the mks 

system of units): 

K - 10 8~
OE 
P dy 

Based on the critical density profile, the vertical turbulent diffusion


coefficient is as follows: ;H:j£:£


::::::::::::::::_Q •:: x:x̂ :'. 

i 10K =  o i tm7 x:i(£4 m2/sec = 0.7 cm2/sec. 
l  * .•'.'.•'.•'•'. •.-.-. •:-.'• 

1,024 A
y
 22 

The appl icant apparently uses a turbu:j[^t"d 'ffusion coeff ic ient of 70 

cm2/sec, which is toward the upper end |̂|ptfS% reported in the literature 

(Koh and Brooks 1975) and is certainly:i:;|jj>:t appropriate for the critical 

conditions analyzed here. Inserting the applicant's data in the expression 

for the dissolved oxygen gradient, the following di $̂ |iî |:j>|ĵ n difference 

is calculated: Wf^ 

400 
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Using the smaller (and more correct) diffusion coefficient, the oxygen


difference would be:


ADO = 5 mg/1.


Based orî iffiimttiwuifrt ambient dissolved oxygen concentration of 6.5 mg/1, the 

dissolved oxygen concentration at the bottom of the water column would be 

1.5 mg/1. illS-p* 

The applicant ;:£*£ends :;|fi}s approach to calculate oxygen depletion due 
:to abrupt resuspens i:6n: of segments by increasing the oxygen depletion rate 

by a factor of 10. The applicant .p^.ejdicts a depletion of 0.5 mg/1 (which is 

based on the erroneous diffusi.£i;i:;:;£i!>.efficient). Employing the smaller 

diffusion coefficient, the diffei^ific/pifealculated by this method would be 50 

mg/1. Hence, the appl icant' ^^pprd^itiift. predicts that vertical turbulent 

diffusion alone cannot supply oxygen at a rate fast enough to prevent at 

least part of the water column from ^iR^V^^^-.deoxygenating. Other 

processes which the applicant ignores ($*3ii advection) could prevent this 

severe depletion. ^^AV^ 

The intent of the EPA, as outlined in the Technical Support Document 

(EPA 1979), is to evaluate the impact of bottom s^ î̂ i'̂ itî the dissolved 

oxygen resources of the bottom 2 m (6.6 ft) of the w^ejjr column. If the 

applicant's procedure is revised, but only the bottomS^m (6.6 ft) of the 

water column are assumed to be influenced by the sedimerit::.:bxygen demand (h ­

z = 2 in the expression presented earlier), then the oxygen depletion (using 

the proper diffusion coefficient) is as follows: 
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For thî :;̂ proa< .̂::::|o be valid the vertical diffusion rate at 2 m (6.6 ft) or 

more abd^xjtî iitJiiit'tom would have to greatly exceed the diffusion rate in the 

bottom 2 m (6.6 ft), so that the effect of the oxygen depletion is felt only 

in the bottom 2 m %$jjj^y" 

The sediment $#$en dejnismd used in these calculations is 1.3 

which the appl icaftt^reportir- is in the range of 0.95 to 1.69 g/m2/day 

measured for undisturbed sediments... in the Charles River. This is also 

within the range of results of ot^^ir.esearchers such as Pamatmat and Banse 

(1969), who found oxygen uptake>iii#N$:j$in Puget Sound to be from 0.14 to 1.4 

g/m^/day. However, the incremental s. îiment oxygen demand associated with 

the outfall appears to be les  s than i.3 g/m2/day, as is shown on the 

following pages. x:x;x;>x:x;x::;x;x;:;x 

As an alternative to the applicant'$x
:£ji:jira£ch, the oxygen depletion in 

the bottom 2 m (6.6 ft) of the water :|i:):̂ umn due to a steady demand of 

sediments is calculated by assuming the water column to be mixed over the 

bottom 2 m (6.6 ft) and by ignoring any further d:i|̂ :̂ !ii0 :̂::̂ ^cesses as the 

water is advected across the sedimentation field. T^Se leva ted benthic 

oxygen demand is estimated based on the deposition aniifcjiliecay of suspended 

solids. The oxygen depletion predicted by this methiadx' is given by the 

expression: 
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SBd  x  X'S62 * V mADO

HU 2 UH 

where: l&S


benthic oxygen demand caused by outfall -related sedimentation,


assumed '$$:$'s#-$$n£ar function of distance from the diffuser, x


Sg^ = sedimentixbxygen tfand of sediments near diffuser


Sg£ = sediment oxygen demand af.:.:sediments at far end of sedimentation


afea •;£:£!:•:!:::. 

H = depth of water over.ijw&iicln i'diij^gen demand is exerted (taken to 

be 2 m) 

U = current velocity y££ 

Xm = length of sedimentation area. S:H;; 

The benthic oxygen demand is calculated from the ste îî isî it̂ concent ration 

of deposited organic material. The steady-state conc$.Hfcration of organic 

matter (C) is estimated as: '^£ 
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where:


A rate


of settled material


Based on the maxim^^-mifn^mum deposition rates of 500 g/m2/yr and 125

O *X*X*X*. •.".•.*. v.'XvXv 

9/m /yr, respecttv||p||||;-;part B, Section 4, Seabed Accumulation), the 

steady-state conceii||fclon£||f settled solids become 140 g/m2 and 30 g/m2. 

A decay rate of O.di:$fey (ChWet al., 1975) is used. 

The stoichiometric Qxyqen/$£$$$&nt equivalent is approximately 1:1 

(Zison et al., 1978). This figu^'iSj^obably an overestimate for sediments 

which have been deposited on ĵji&e bc îij. floor for a period of time. One 

301(h) applicant has experimentally measured the BOD of settled materials 

and found a value of 0.1:1 (Commonweal^x^xMa^sachusetts, Metropolitan 

District Commission 1979). Using thisftv&jue as a best guess and a decay 

rate of 0.01/day, the benthic oxygen 

SB1 = 140 x 0.01 x 0.1 = 0.14g/m2/day 

SB2 = 30 x 0.01 x 0.1 = 0.03 g/m2/day| 

Using the net drift current of 2.2 cm/sec (0.07 ft/seepand the length of 

the waste field of 3.5 km (2.2 mi), the oxygen depletion is: 
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Ann (0.14 + 0.03) 3,500 n , mn/1 
ADO = 2 x Q.022 x 2 x 86,400 °'1 mg/1' 

This dep1:̂ t:ion ^^ess than that calculated using the applicant's formula 

It.:;:j£:;:notable that the review of Part B, Section 4, Seabed 

Accumulit:î :ii;':;:6i|ii(Sj:vered a number of weaknesses in the applicant's approach 

to predicting seabed deposition, so the above result should be considered as 

an upper limit 

The depletion;:::: dis&itiyed oxygen due to an abrupt resuspension of 

sediments was calcitfS&ed by':t:fre applicant and, when using the proper units 

for the diffusion coef f i ci ent .......1-5 50 mg/1 . This is an unrealistic


prediction due to several reason^p^'fiviously discussed. According to the 

guidelines in the Technical .$ ĵ)'pW$ Document (EPA 1979), the oxygen 

depletion due to an abrupt reS&Speti^On of sediment is to be determined 

based on resuspension of sediment that have accumulated for 90 days. The 

resuspension is assumed to occur over tfr^b'̂ îfî .m (6.6 ft) of water and 

the depletion is calculated over a 24-h p îtijijod. 

To determine the 90-day supply of s^frnent available for resuspension, 

the applicant's seabed accumulation predictions shown in Part B, Section 4, 

are used. For the purpose at hand, solids which û̂ Ĵ g:':
:.':d!t the rate of 

500 g/m2/yr w-m be resuspended to a depth of 2 m (6.6};:H;;). The resulting 

concentration of suspended solids is: $$£ 

500 g/m /yr 90 days 
2m 365 days/yr rag/1. 
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Using a 0.1:1 equivalence of BOD:sediments, this concentration of suspended 

solids ĵ piiî iJĵ nt to a BOD of: 

III! .Jill 60 x 0.1= 6 mg/1, BOD-ultimate. 

Assuming a decay rate of O.I/day for the resuspended materials (Chen et al., 

1975), the 24-h ox^ '̂epl̂ pn is: 

P îg/l xi;DU/day = 0.6 mg/1, in 24 h. 

To summarize, the farfield oxygen depletions calculated in this review 

are (all are worst cases): .ISl&s!. 

t 0.7 mg/1, due to BOD^jertt^fein the water column based on 

the existing level of t reatment ; 0.5 mg/1 based on 30 

percent BOD removal. 

• 0.1 to 0.4 mg/1 in the bottom ĵ ijpxi&ie to a steady benthic 

oxygen demand. Z£A 

• 0.6 mg/1 in the bot tom 2 m in 24-h, ̂ ^^^^abrupt 

resuspension of sediments. W& 

Only if the ambient dissolved oxygen concentration drops^&rtow 6.7 mg/1 will 

violations of the state standard of 6.0 mg/1 probably occur. 
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Oxygen Demand in Bottom 2 m of Water Column--


analyzed the oxygen depletion in the bottom 2 m 

(6.6 ftpqf the.tf&jtier column. The applicant does not provide specific data, 

for the&$$&&&Dissolved oxygen concentrations in the bottom 2 m (6.6 ft). 

Frequency of Excee îriie^bf- îisolved Oxygen Criteria--

;Based on the a#$;1:yses :0eii:formed in reviewing the previous questions, it 
:does not appear tha'i^the st:a te d isso lved oxygen criteria can be violated 

unless the ambient concent rat i on.:.:.f.al 1s below 6.7 mg/1. At the proposed 

diffuser site the minimum observej^^.ue has been 7.1 mg/1, based on 2 days 

of sampling. If the dissolved o^geW^oncentration should drop to 6.7 mg/1 

and if the critical conditions;:; l̂yz îii;:.::previously were to occur, then it is 

conceivable that the state standards could be violated for the existing 

level of treatment. The probability of^ftl^^^tion occurring appears 

low. $$£ 
•X'X'X i 

More Critical Evaluation of Dissolved Oxy^ejti: Depletion--

The applicant believes that the most critical;:::;$î ^ respect 

to oxygen depletion have been addressed. In cases wne$$.::!'tnis is not true, 

this review has tried to address the more critical situafcir.bifis. 
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There are several additional possibi l i t ies which could lead to more 

critical situations. They are the following: 

eî e^ts of current reversals are not considered in these 

::i:|:;:analy.s;iii£;,: Current reversals could tend to cause build-up of 

Si^ySfe^demanding materials to levels higher than those 

analyzed in this document. 

t In the a t $ ; i [ : i : ;  f 'oxygen depletions due to BOD exertion, 

the appl^Siant djoe.s not c o n s i d e  r the exer t ion due to 

nitrogenoWBOD (Nf&JD). NBOD has a potential for exerting 

an oxygen demand in a ma.n.ner similar to the carbonaceous 

BOD. Often, however, agl̂ ix.of 5 or more days occurs before 

this depletion begins.:;^ fcj^real ized. If such a 5-day lag 

were to occur, the .:a|iiit"ib:fiil oxygen depletion would be 

negligible because by that time the effluent would be 

significantly diluted. If ^es^QjDx.̂ re to be exerted 

immediately, an incremental oxygen depletion would occur. 

However, data are not avai1aib|£x:£Q:;:;assess this possible 

impact. As a worst case, the a^'tional oxygen demand would 

probably not exceed that caused by carbonaceous BOD. This 

assumes that the NBOD and CBOD concentrat ions in the 

wastewater are the same and depletion rates are the same. 
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Section 3. Compliance with pH


Eff1 :;:Sft̂ i!;ii«ri sti cs—


uenfc iifirom the New Bedford treatment plant does not meet the 

criteriix
:fiif 133.102(c) which specify that the pH of the effluent must 

not drop below 6.0 or exceed 9.0. The applicant lists the pH values for the 

7 days when these :  f :£$::::iî £e exceeded during the period July, 1978, to 

June, 1979. Data :;:ttpWDES discharge monitoring reports (Table 18) 

show that the pH o f ' t  e effftint has been between 3.3 and 9.9 for the period 

January, 1978, thrdifg Febri&ir'y, 1981. The number of days when the minimum 

limit of 6.0 was not met was 15 da:y:s.:. in 1978, 8 in 1979, 78 in 1980, and 1 

in January and February, 1981. Iftfei^gximum limit of 9.0 was exceeded once 

in 1979 and once in 1981. Thej^pi^i^ant attributes the problem to the 

industrial wastewater componeiri:^ aT$'fto.ugh no description of the type of 

industry or wastewater characteristics are given. Based on the observed low 

effluent pH values which are not accompmigte$$3w!i influent pH values the 

operation of the treatment plant may be c^rliitributing to the low effluent pH. 

State Standard-- W£ 

The proposed outfall will discharge i nto :;|;̂ ^̂ :$:::;î ay , which is 

designated Class SA waters by Massachusetts. The recessing water standard 

for pH specifies that the pH be between 6.5 and 8.5 art înot more than 0.2 

units outside of the naturally occurring range. :x:x::: 
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S&TflW&i&a, pH DATA FOR PRESENT NEW BEDFORD TREATMENT PLANT 

:>x':x::: $&£ Influent pH Effluent pH Days Days 
Year Min Max Min Max <6 >9 

!• tont$;3:! 

1978 :33:$ĵ p' 3.4 8.6 3.6 7.9 5 0 
'•"•'•vfebfu:a>y 6.6 8.7 4.3 7.7 6 0 

March 6.3 8.3 4.9 7.4 2 0 
April 7,0 8.7 6.4 7.6 0 0 

mttXvXxjx/...May 8.4 6.5 7.5 0 0 
June ;:;Xx* 3358 8.1 4.7 7.5 1 0 
July SixfewxtfiiQy 7.8 6.8 7.8 0 0 
August vxxXxXxXx;:^::-. - - - - ­
September';:;:;:;;*:* XwX;. - - - - ­
October xxx wvCjX 8.5 5.7 7.4 1 0 
November •:<•*. 0 »'3*.". 7.8 6.4 7.4 0 0 
December 5.7 7.6 6.7 7.4 0 0 

1979 January 6.5 7M& 5.1 7.2 2 0 
February 6.3 ax2x:Xx 6.5 7.5 0 0 
March 6.5 K&ym. 5.7 9.1 1 1 

: :April 6.7 :?;:;8 :::xx. 3.3 7.4 3 0 
May 5.8 :;:7i:3.-.-.;x;:x:: 6.7 7.4 0 0 

: :June 6.8 . :::-'?:x4:'-'':':::x::3 5.3 7.3 2 0 
July 6.6 i:x:?; 5 x::;:£ 6.2 7.2 0 0 
August 6.8-'-•-•8. 1 --•••••- 6.0 7.9 0 0 
September 6.8 7.4 6.3 7.4 0 0 
October 3.9 8.0 ,,.,A4,..,..7.1. 0 0 

XXftjK 1980 January 6.1 9.1 m&qx 0 0 
February 5.5 8.5 X:X:-$.2... . 8.1 3 0 
June 5.6 7.3 m&mx7 .  0 10 0 
July 6.1 7.0 :;x:x5.6'" ' 6.4 6 0 
August 5.3 6.8 ;x;:;;:3.8 6.4 16 0 
September 5.4 6.6 :::::::;:$. 4 6.4 16 0 
October 4.4 7.5 4.0 6.6 15 0 
November 5.9 7.3 5.4 6.8 12 0 

0December 6.3 7.6 6.0 7 -Mm;:jH;Si;iv!;$ 
1981 January 6.0 7.2 5.4 9.9 ?m* i ' 1 

February 6.3 7.4 6.5 6.8 :• :x:xx 0 0 
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pH of the Effluent-Seawater Mixtures--

i. did not test mixtures of effluent and seawater for pH 

becaus£;:;i:$w eff:|:yjBnt pH values did not occur during the time when the 

applicatljiiim 

Compliance with Receiving Water pH Standards--

The appl i ijithat because of the high initial dilution and 

large buffering capsjfcrty of^.eawater, the state standard should be met at 
:::::::;:­the ZID boundary. :::::'-::'-:::

Receiving water pH data for .̂ iji-piSl, 1979, at several stations near the 

existing discharge shown in Fi d^fje$&were between 8.0 and 8.1. Data at 

three stations near the propo$^:;:outf:$|.l a lso shown in Figure 14 had a pH 

range of 6.6 to 10.1 for the period November, 1975, through April, 1976. A 

pH model was used to predict whether tft^^^j^sis^effluent pH conditions 

would cause the state standard to be vio^a^ed. Based on the lowest initial 

dilution of 59:1,a receiving water pî p^B^S, and the extreme case of 

effluent pH equal to 9.9, the state stari$&J4 would not be violated. At low 

receiving water pH conditions, the state standard wou-ld be violated if the 

effluent pH dropped to 3.3 and the receiving wateî iiipiiiiiiifiS îiB. The state 

standard would be met as long as the effluent pH is abov£::.|:.0. Values below 

4.0 have occurred three times from January, 1978, througfe:|ebruary, 1981. 
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Further Considerations Regarding pH— 

: t  e did not present any other information. The extreme cases 

analyze^iijove atfj^believed to represent the most critical situations. 
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Section 4. Compliance with Suspended Solids 

Introduction--• 

The e-ffluen-S from the New Bedford treatment plant currently exceeds the 

suspended sol!<Js criteria for secondary treatment and is expected to exceed 

the criteria fol lowing the achievement of an improved discharge. As set 

forth in 40 CFR ia3.J02(b>, these cr i ter ia cal l for a suspended solids 

removal efficiency of S5- percent or greater, and 7-day and 30-day maximum 

effluent suspended $olids levels of 45 mg/1 and 30 mg/1, respectively. 

According to its NPfcES permit appl icat ion, the New Bedford treatment plant 

will achieve an average suspended s.olids removal efficiency of 50 percent, 

and will discharge an effluent with an annual average of 50 mg/1 suspended 

solids. 

Adjusted Suspended Solids Requirements— 

The applicant has not received and >s not in the process of receiving 

an adjusted suspended solids requirement. 

Receiving Water Suspended Solids Standards--

The state of Massachusetts has no quantitative receiving water standard 

for suspended sol ids or for s u r r o g a t  e m e a s u r e  s such as turbidity or 

transparency. As cited by the applicant, the pertinent qualitative standard 

states that "color , turbidity, total suspended so l ids shal l not be in 
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concentration or combination that would exceed the recommended limits on the 

most sensitive receiving water use." The waters in the area of the proposed 

outfall are-Class SA, meaning they are designated for the protection and 

propagation of f ish, other aquatic life, and wi ld f l i fe ; for primary and 

secondary contact r ec rea t i on ; and for s h e l l f i s  h harvest ing without 

depuration Jn Approved areas. In Part A, Sect ion 9, the applicant also 

lists several general aesthetic cr i ter ia for receiving waters which are set 

forth in Massachusetts State taw. These are that "All waters shall be free 

from pollutants in ooflcefltrations or combination that 

a) settle to form objectionable deposits; 

b) float as debris, scum or other matter to form nuisances; or 

c) produce objectionable odor, co?or, taste or turbidity." 

Effluent Suspended Solids— 

In Question Bl-3 the appl icant identified mid-summer as the critical 

period with respect to dilution of the eff luent. Minimum, average, and 

maximum hourly flows for this period were derived from July, 1979, treatment 

plant monitoring data. In the p resen t section: tfre applicant has, as 

requested, provided effluent suspended sol ids concentrations corresponding 

to these f l ows . For minimum, a v e r a g e  , and maximum hourly f lows, the 

effluent concentrations provided are 84, 136, and 11Q rag/1, respectively. 

Since these concentrat ions correspond to hourly f lows, they cannot be 
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verified by checking against the eff luent moni tor ing reports, which list 

only one effluent suspended solids level per day. However, it is worthwhile 

to review- the- monitoring reports. Table 19 shows the minimum, average, and 

maximum da!ly values measured for each month in 1979 and 1980. These values 

have a rauch widef fange than those reported by the applicant for the various 

hourly flo* Conditions. During these 2 years , monthly minima of less than 

50 mg/1 were recorded several times. In the July-August critical period, 

the average monthly susp-end-ed so l ids level ranged from 156 to 193 mg/1 in 

1979 and 1980. Over th$ entire 2-year period, monthly maxima of more than 

300 mg/1 were common, and effluent suspended solids levels greater than 500 

mg/1 were recorded four time's. A check of the flow records shows that these 

incidents occasionally corresponded to times of very high flow, presumably 

due to stormwater runoff. Also, $ffluent suspended solids levels frequently 

exceeded influent levels when the. flows were within the design capacity of 

the treatment plant. 

Projections of future eff luent susp-ertd-etf solids concentrations have 

been made based on the design removal eff ic iency of 50 percent (Table 20). 

The average suspended solids concentration would be 63 mg/1 with a monthly 

range of approximately 37 mg/1 to 115 wg/1. If the effluent suspended 

solids concentration of 50 mg/1 is assumed, the removal efficiency would 

have to average 56 percent and would have to be as high as 78 percent in 

some months (Table 20). 

97




TABLE 19. flAJLY SUSPENDED SOLIDS VALUES IN THE NEW BEDFORD PRIMARY 
EFFLUENT, 1979-1980 

1979 1980

Month Minium Average Maximum Minimum Average Maximum


January 32 84 188 30 120 406


February 44 85 208 42 122 288


March 16 84- 228 a 129 378


April 40 U2 334 a 101 244


May 56 93 238 a 111 214


June 50 144 376 46 107 156


July 28 156 670 60 193 480


August 28 186 720 84 166 576


September 18 147 344 48 174 976


October 64 144 36$ 24 102 220


November a 120 350 68 141 304


December a 104 232 12 124 200


a Data not available. 

Note: All units are mg/1. 

Source: Data are from the NPDES discharge monitoring repor:s. 
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TABtE 20. PROJECTED SUSPENDED SOLIDS CONCENTRATIONS 
AFTER PLANT MODIFICATION 

Average 
Influent 

Average 
Effluent5 Removal 

Year flontha (mg/1) (mg/1) Efficiencyc 

1979 January 75 38 33 
February 90 45 44 
March 78 39 36 
April 95 48 47 
May 74 37 32 
Jun£ 106 53 53 
Juty 174 87 71 
August 140 70 64 
September 144 ' 72 65 
October 106 53 53 

1980 January 98 49 49

February 1*6 58 57

June 107 54 53

July 136 68 63

August 160 . 80 69

September 142 71 65

October 150 75 67

November 170 35 71

December 230 115 78


Average 126 63 56


a Several months were not available. 
b Calculated effluent concentrat ion based on the design removal 
efficiency of 50 percent. 
c Calculated removal efficiency based on the aopliaftt 's projected 
effluent concentration of 50 mg/1. 
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Final Suspended Solids Following Initial Dilution--

In c.a3c:v3ating final suspended so l ids fo l lowing initial dilution, the 

applicant utilizes ambient suspended sol ids values of 2 <ind 4 mg/1. These 

are derived from data taken in New Bedford Harbor in 1975 and 1976 (Ellis et 

al., 1977), All: of the stations occupied in that survey were inshore of the 

proposed outfall; the deepest water sampled was 10.3 m (34 ft) deep. Table 

21 shows suspended $<j1fds data taken at the stat ions nearest the proposed 

outfall site. The sta-t^ons are shown on Figure 15. Suspended solids levels 

at these stat ions ragged from 0.36 to 6.1 mg/1. No regular pattern of 

increase or decreas-e 1-n solids with depth can be seen. There are no summer 

data, but late April values ranged from 0.8 to 2.5 mg/1. These two values 

will be used in this evaluation-, with 0.8 mg/1 ambient suspended solids 

representing the summer "worst case" condition. 

In calculating final suspended sol ids, the single initial dilution 

value of 76 is used by the appl icant ; this 1s. jtxiged to represent the most 

critical condition. This evaluat ion wH 1 use the minimum, average, and 

maximum flow dilutions shown in Table 9. 

The calculation of final suspended sol ids following intial dilution is 

made by the following formula: 

* Ca + (Ce - Ca)/S 

where: 
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TABLE 21. SUSPENDED SOLIDS MEASUREMENTS MADE IN NEW BEDFORD HARBOR


Water Sampl ing

Depth Depth3 SS


Sampltflg Date Station m (ft) m (ft) (mg/D


11/24/75 H-l 8.5 (28) S S 1.2

6.7 (22) 1.4

7.9 (26) 2.7


H-l 8.8 (29) S S 1.2

7.3 (24) 1.5

8.5 (28) 2.6


11/26/75 P-ll 10.0 (33) S S 1.9

5.5 (18) 2.8

8.5 (28) 1.6

9.7 (32) 1.5


1/6/76 P-ll Jft.0 (33) S S 1.4

5.4 (18) 0.36

8.5 (28) 3.3

9.7 (32) 4.2


1/7/76 P-ll 9.4 (31) S S 1.3

4.8 (16) 1.0

9.1 (30) 4.8


3/9/76 P-ll 10.0 (3.3) S S 5.6

8.2 (27) 4.8

9.7 (32) 6.1


4/28/76 P-ll 9.4 (31) S S 2.5

7.9 (26) 2.2

9.1 (30) 1.8


4/29/76 P-ll 9.4 (31) S S 1.2

9.1 (30) 2.8


4/30/76 P-ll 10.3 (34) S 5- 0.86

8.8 (-29-) 0.82

8.8 (29) 1.4


a
 "S" denotes a surface sample.


Source: Elli s et al. (1977).
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Figure 15. Site of ambient suspended solids measurements

taken in 1975- 1976, New Bedford, MA.
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= final suspended solids, mg/1


C3 * ambient suspended solids, mg/1


C * effluent suspended solids, mg/1


S, = initial dilution.

a 

The results of the appl icarct 's calculat ion, and those of this evaluation, 

are shown in Table- 22. Given the a p p l i c a n t '  s initial v a l u e s , f inal 

suspended solids levels of 3.8 mg/1 and 5.7 mg/1 were correctly calculated 

for waters having ambient concentrations of 2 and 4 mg/1, respectively. 

These final concentrations are 1,8 sn-d 1.7 mg/1 greater than the assumed 

ambient concentrations, and are: -within the range of values observed at the 

shallower stations (see Table 21). When average observed summer effluent 

suspended solids levels are used with the d"i Tut ions of this review, higher 

final suspended solids levels (3.5 to 6.9 mg/1) are derived. At the highest 

summertime effluent level , under maximum fl-ow conditions, final suspended 

sol ids levels of 17.7 and 19.7 mg/1 are pred ic ted. Those represent 

increases of 15.7 mg/1 over the low and high ambient l eve l s used by the 

applicant. 

Based on the projected eff luent condi t ions, final suspended solids 

levels are predicted to be between 3 and 5 mg/1 under average effluent 

levels and 3.9 and 5.9 mg/1 cinder maximum eff luent leve ls . Thus, the 
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TA8LE 22. FINAL SUSPENDED SOLIDS FOLLOWING INITIAL DILUTION,

NEW BEDFORD, MA, EFFLUENT3


Flow condition


s$e 
Minimum3 

Low SSa High SSa 

Average*5 

Low SSa High SSa 

Maximum'1 

Low SSa High SSa 

Application 136 3.8 5.7 

Review6 28 2.2 4.2 2.3 4.2 2.4 4.4 

175 3,5 5.5 4.3 6.3 4.9 6.9 

720 8.4 10.4 11.6 13.6 14.2 16.2 

926 10.3 12.2 14.4 16.4 17.7 19.7 

Projected 
Conditions 37 2.3 4.3 2.5 4.4 2.6 4.6 

63 2.5 4,5 2.8 4.8 3.0 5.0 

115 3.0 5.Q 3.5 5.5 3.9 5.9 

3 All units are mg/1. 
b Review initial dilution = 112 (see Table 9).

c Review initial dilution = 74.4.


" Review initial dilution = 58.7.

e Effluent values are the minimum, average, and maximum values for July and

August, 1979 and 1980. The value of 926 is the minimum recorded value for 1979

and 1980 (Table 19).


f Effluent values are the minimum, average, and maximum ccmcencr-ations from Table

20.
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maximum increase above ambient levels of 2.0 and 4.0 mg/1 is 1.9 mg/1 . 

Also, ambient suspended sol ids leve ls less than those utilized herein may 

occur at $he imposed outfall site, in water 15 m (49 ft) deep. Thus, 

conditions more ""critical" than those analyzed herein might occasionally 

exist. 

Compliance with State Suspended Solids Standards--

Massachusetts daes not have a quant i tat ive standard for suspended 

solids concentrations in ocean waters. 

Compliance with Surrogate Suspended Solids Standards--

As previously d iscussed, th$ water clarity standard is qualitative, 

specifying only that turbidity and total suspended solids may not be present 

"...in concentration or combination that would exceed the recommended limits 

on the most sens i t i ve receiving water use,"" Tfre appl icant has made no 

assessment of the effluent quality relative to this standard, and the 

application does not include an Appendix 

Shellfish harvesting and primary contact recreat ion are the two most 

sensitive uses for which C lass SA waters are designated by Massachusetts. 

Neither the state of Massachusetts nor the U.S. Environmental Protection 

Agency has recommended quant i ta t i ve l imits on the suspended sol ids 

concentrations of waters used for these purposes. Federal policy is that 

"Individual waters vary in the natural amounts of suspended sediments they 
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carry; therefore, no fixed recommendation can be made. Management decisions 

should be developed with reference to histor ical base line data concerning 

the indfvi-du£l..,rw.ater" (National Academy of Sciences 1972). The increases 

in final suspended: sol ids projected herein for the proposed outfall are 

within the range of natural var iat ion observed for waters somewhat inshore 

of the site (E^fs et al., 1977). For this reason, and because of the 

general nature of the state standard, compl iance of the proposed outfall 

with the suspended solids standard cannot be firmly assessed. 

Seabed Accumulation>-

The applicant predicts seabed, accumulat ion rates around the proposed 

New Bedford diffuser, which extends 7,010 m (23,000 ft) into Buzzards Bay. 

The predicted deposition rates do not consider the effects of sediment decay 

or resuspension. The applicant does provide discussions of the propensity 

of settled mater ia ls to be resuspended and the e f fec t i ve lower limit of 

particle fall velocity but does not use tire information in a quantitative 

sense. 

The solids deposition pattern predicted by the applicant is shown in 

Figure 16. The a p p l i c a n t '  s o r ig ina l f igure ( F i g u r  e I X - 3 ) depicts 

depositional contours in units of mm/yr. They have feeen converted to units 

of g/m2/yr here by uti l izing the app l i can t ' s assumption that the seabed 

deposits are 4 percent solids. 
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Figure 16. Solids deposition pattern predicted by applicant

New Bedford, MA, treatment plant.
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The predicted deposit ion area l ies to the nor thwest of the proposed 

diffuser and extends 3.7 km (2.3mi ) in that direction to the 125 g/m2/yr 

contour* More Detailed characteristics of the deposition area are presented 

in Table 23. The maximum predicted deposit ion rate is 513 g/m^/yr. The 

minimum deposition rate is 125 g/m2/yr. Approximately 100 percent of the 

discharged &y$#ended sol ids are predicted to sett le w i th in the latter 

contour. 

For this review^ tfte following aspects are examined: 

• Location of predicted deposition area 

• Approach used to predict deposition rates 

t Settling velocity distribution 

• Mass emission rate of suspended" soltds 

• Lower limit of particle settling velocity 

§ Resuspension of sediments. 

The concept used by the appl icant to predict the- boundaries of the 

deposition area is based on the motion of the sea during the incoming and 

outgoing tides. Figure 11, taken f rom the appl icant 's Figure B-5, 

illustrates this concept. During the incoming tide, the waste field is 
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TABLE 23. SUSPENDED SOLIDS MASS EMISSION RATE AND APPLICANT'S PREDICTED

SEABED ACCUMULATION RATES - PROPOSED NEW BEDFORD, MA, OUTFALL


Total Suspended" Solids Mass Emission Rate (MER)


kg/d-ty (lb/<Jay) 19,100 (42,200) 

Maximum Deposition


513 
- Depth (in/yr)] 1.3 (0.5)a 

- Bottom area Unknown 

Maximum Contour Depp-sit7 on*


- Rate (g/m2/yr) 500 
- Depth [cm/yr( 1.3 (0.5)a 

- Bottom area [fcffi 5.0 (1.9) 
- MER within this contour


kg/day (1b/d*y) 6,800 (15,000) 
- Percent of total MER


within this contour 35 

Minimum Contour Depositionc


- Rate (g/m2/yr) 125 
- Depth [cm/yr (in/yr)] 0.3 (0.1)a 

- Bottom area [km2 (mi2)] 33 (13) 
- MER within this contour


kg/day (Ib/day) 19,100 (42,000) 
- Percent of total MER 

within this contour 100 

Settling Velocity Distribution 

cm/sec (ft/h) 1 percent exceed 
0.18 (21), 
55 percent exceed 
0.006 (0.7) 

a The applicant computes these depths based on 4-perc-ent solids content. 
b These f igures represent the highest deposi t ion rates presented by the 
applicant in Figure 16. 

 These f igures represent the lowest depos i t ion rates presented by the 
applicant in Figure 16. 
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transported to the northeast one tidal excursion; during the outgoing tide, 

the waste field is transported to the southwest the same distance. At the 

same tirse,. th$-P£ is a net onshore drift of water w h i c h transports the 

sediments to the northwest of the di f fuser. The a p p l i c a n t '  s predicted 

depositf-on area shown in F igure 16 qua l i t a t i ve l y a g r e e  s with this 

descriptt&n. 

The current dat$ t>$etf to generate the contours shown in Figure 16 were 

collected over a 1-tmwth period in July and August , 1979. Based on this 

limited data base, ft is not certain that the predicted deposition pattern 

is really typical of longer term conditions, or even of summer months during 

other years. By assuming that the currents, on an annual basis, remain the 

same as during the oceanographic survey period, the applicant's prediction 

might overestimate deposition rates $ftd underestimate the spatial extent of 

the deposition area. 

The app l i can t ' s procedure a l s  o does not consider that the tidal 

excurs ion and net drift ve loc i t y might change in both magnitude and 

direction as functions of distance from the proposed outfall site. Because 

the net drift direction is shoreward, spaltal variations in current patterns 

are likely to be present. Figures 9 and 10 shown earlier illustrate these 

differences. 

To predict the gradient of deposited sediments in tfte direction of net 

drift, the applicant uses a mathematical approach which re-Jates the distance 

a particle travels from the outfall before settling (r) as a function of net 
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drift velocity (u), the height of r ise of the plume (h), and the settling 

velocity of the particles (w) . Each of the three independent variables (u, 

h, w) H assumed to be l og -no rma l l y d i s t r i bu ted , so that r is a lso 

distributed. The applicant relates these variables as follows: 

w 

This relationship a$$vmes that u is not a function of time and is apparently


one reason the applicant ases u for net drift speed. However, by using this


approach, the applicant is unable to predict concentration gradients in the


direction normal to the net drift. The seabed accumulation contours assume


the shape of approximate rectangles (see Figure 16). In reality, there is


probably enhanced settling toward the centerline of the deposition area and


depressed accumulation rates near the lateral boundaries.


The applicant does not make direct measurements of settling speeds of


the suspended solids but rather employs the foHowing procedure. First,


settling speed curves obtained from the literature are plotted as shown in


Figure 17. These curves are numbered (1) through (6). From these curves


the standard deviations of the natural logarithms of the settling speed


distributions (â ) are obtained. This range of ar's is assumed to represent


the raw influent. The applicant then relates the settling speeds of the raw


influent to the primary-treated effluent as follows:


= W40
W90
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PERCENT SETTLING WITH SPEEDS LESS THAT VALUE PLOTTED ON VERTHAL SCALE 

1) BROOKS: Digested Sludge- in seawater, 20:1 
2) MYERS. Primary Effluent and Sludge 

Centrate in seawate-r., 1.1 
3) FAISST. Sludge in seawa.ter< 50:1 
4) FAISST: Sludge in seawater, 100-1 
5) FAISST: Sludge in seawa.ter< 500:1 
6) MOREL: Effluent in NaCT 
7) Vim * 0.75 ) RANGE OF SETTLING 
8) °prim * 1.10 > DISTRIBUTIONS ASSUMED 
9) °prim « 1.60 * FOR PRIMARY EFFLUENT 

10) ORANGE CO..CA. (Herring and Abati , 197S) 
11) PT. LOMA, CA. (Herring and Abati , 197SJ 
12) HYPERION, CA. (Herring and Abati, 197S^ 

REFERENCE: REDRAWN FROM FIGURE IX-l.NEH BEDFORD 
301(h) APPLICATION, 1979 

Figure 17. Settling velocity distributions, New Bedford,

MA, treatment plant.
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 = W22 W50

where: 

= 90-pet-centile settling speed of treated effluent 

=W50  SO-percentile settling speed of treated effluent 

=W40  40-percentile se-ttling speed of raw wastewater 

(taken to be overflow rate of primary clanfier) 

^22 3 22-percentile settling speed of raw wastewater. 

Based on these relationships, ttve applicant generates the three settling 

speed curves in Figure 17 [Curv-eS (7)» ^8), and (9)], Curve (9) (the lower 

of the three curves) is used to generate the seabed deposition rates shown 

in Figure 16. 

Since the applicant's approach is a mathematical one and does not use 

experimental data, it is worthwhile to examine the sensitivity of the curves 

to some of the assumptions the applicant makes. First, the applicant uses 

the clarifier overflow rate as the 90-percentile settHwj velocity of the 

treated effluent. The settling velocity so determined^ however, neglects 

the altered settling that could occur when effluent and seawater are mixed. 

Second, the applicant sets 
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 = W40 W90

for "practical considerat ions." Theoret ical ly, however , the fol lowing 

relationship is diofe appropriate: 

W100 = W40­

This means that the pQf-rtt of intersection of Curves (7) , (8 ) , and (9) could 

be moved horizontalTy ta tfte right (see Figure 17), while at the same time 

keeping the w5Q values constant. Altering the settling speed curves in this 

manner produces higfrer seabexf accumulat ion rates since a higher fraction of 

the particles has greater settling speeds. 

Third, the applicant predicts that the settling speed curves are 

considerably more flat than any of th« historical curves [(1) through (6)]. 

In Figure 17, the vertical ax is is a logarithmic scale (base 10), so that 

for every one unit change in the logarithm, the settling speeds change by a 

factor of 10. 

Although, from a theoretical viewpoint, the settl ing speed curves of 

particles in primary effluent should be flatter than the settling speed 

curves for raw w a s t e w a t e r  , the a p p l i c a n t '  s particylar approach is 

questionable for the following reason. Curves (10), (!!}> and (12), which 

have been plotted for this review, represent treated effluent at three 

locations in California (Herring and Abati 1978). The applicant's predicted 

settling speed distributions are f latter than these curves. It should also 
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be noted in Figure 17 that none of the six histor ical curves used by the 

applicant to represent raw wastewater are actually raw wastewater. Based on 

the nine Ms tor-tea.1 curves, the app l i can t ' s predicted curves might be too 

flat (scopes too: Tow). If the applicant had used the average slope of the 

historical curves, instead of es t ima t ing a slope based on an assumed 

relationship Between the settling veloci ty distribution of the raw influent 

and primary effluent sett l ing ve loc i ty distr ibut ions, the predicted 

deposition rates wout-cf be Tawer. 

The applicant also generates three deposition profile curves which show 

deposition rates as a function of distance from the diffuser. The profiles 

are shown here as Figure 18. The curves are based on the three settling 

velocity distributions generated by the applicant which were shown in Figure 

17. It is the lower curve (opri-fo = **5} ^rom wnicn tne applicant chooses to 

develop the deposit ion pattern shown earl ier in Figure 16, and not the 

" intermediate v a l u e  " of  op r jm = 1.1. The max imum depos i t ion rate 

corresponding to the latter settl ing veTocfty d1$tribution is 650 

For the extreme case (cr_r im = 0.75) the predicted maximum deposition rate is 

1,000 g / m / y r  . This d iscussion illustrates that the sett l ing velocity 

distribution strongly influences predicted deposition patterns. Based on 

historical settling velocity curves plotted in Figure 17 [Curves (10), (11), 

(12)] it appears that each of the app l i can t ' s choice -$f settling velocity 

distribution [Curves (7), (8), (9)] is conservative. 

Figure 18 also shows the depth accumulation rate {in mm/yr) based on 
f\ 

the mass deposit ion rate (g/m^/yr) and 4-percent so l ids content. The 
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Figure 18. Applicant's calculated solids deposit-on rates,

New Bedford, MA, treatment plant.
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4-percent solids content is probably a low estimate for solids which settle 

on the ocean floor and begin to consol idate. Myers (1974) found that the 

solids content of sediments in the vicinity of the Whites Point outfall in 

southern California varied from about 15 percent at the seabed surface to 70 

percent at depth* As the percent sol ids increase in a sediment deposit of 

constant weight, the depth of the deposi t decreases. For example, a 

sediment deposit of 15-percent sol ids occupies a depth 25 percent as great 

as a 4-percent solids tfe-po-s!t. Hence, the deposi t ion rates expressed as 

depth shown in Figure ig 3?e probably too high at the corresponding mass 

deposition rate. 

The suspended solids mass em-ission rate used by the applicant in 

predicting seabed deposition is 19,000 kg/day (42,200 Ibs/day). This mass 

emission rate is based on an effluent suspended solids concentration of 110 

mg/1 and a flow rate of 2.018 B^/sec {46.06 MGD) . According to the NPDES 

Standard Form A, the New Bedford treatment plant will achieve an effluent 

having an annual average suspended solids concentration of 50 mg/1 by 1986. 

Historically, however, averages have beefl higher. Table 19 shows that the 

average effluent suspended solids level was 12? mg/1 for 1979-1980. 

The flow rate used by the applicant is a 2-h maximum flow rate. It is 

more correct to use a longer term average f low rate- of t,l m^/sec (25 MGD) 

rather than this more extreme f low rate. Once the "improvements to the 

primary plant are completed (circa 1986) the average suspended solids mass 

emission rate should average 4,700 kg/day (10,400 Ibs/day) if the effluent 

suspended solids is 50 mg/1. Prior to that time the average mass emission 
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rate will be closer to 12,000 kg/day (26,500 Ib/day). Using these two mass 

emission rates the deposition contours shown in Figure 16 can be adjusted as 

follows (assuming all other conditions remain the same). 

Mass Emission: Rate Deposition Rates (g/m^/yr) in Figure 16 

19,000 (applicant's value) 500 250 125 

12,000 (historical averse) 320 160 80 

4,700 (post 1986, assuming 

SSe = 50 mg/1) - 120 60 30 

The large reductions in the mass. emf$sion rates significantly decrease the 

predicted deposition rates. 

Figure 16, shown earlier, is based on the assumption that 100 percent 

of the discharged sol ids wil l sett le ontot the seabed and that the solids 

wil l remain there indefinitely. Eacft o-f these assumptions tends to 

overestimate the net deposition rates. 

The applicant predicts that the lower limit Of tfte particle settling 

velocity should not differ much from the volume-averaged Clarifier overflow 

rate, and thus very little accumulation of solids will actually occur. The 

applicant's argument is based on the following expression: 
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_C_ _ /Y-z a\ w/(kuj 

Ca - \Y-a • z/ 

wnere: 

Y = total <fepth of water 

C = suspended $e/df!fient concentration at z 

z = distance abdve bottom 

C, = suspended sediment concentration at a distance a above the bottom 

w = particle fall velocity 

k = von Karman's constant 

u* = shear velocity. 

The applicant chooses a va lue of 0.24 for w / (ku* ) to define the effective 

lower limit of settling. 

This expression, as discussed in numerous text faooks on sediment 

transport in r i v e r  s (e .g . , Gra f 1971), has a s p e c i f i  c and limited 

application. It is valid only for the steady state transport of suspended 

solids in a river where there are no gradients of sediment concentration in 
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the direction of flow or horizontally perpendicular to the flow direction. 

The suspended so l ids d is t r ibut ion in the ver t ica l is assumed to have 

attained an £cji>-Oibrium level and does not change with distance. It is 

probable, that, to some degree, all of these assumptions are violated in the 

case of an- ocean discharge. Consequently, the predict ion based on this 

expression is of limited validity. Even so, it is probable that some 

fraction of the discharged sol ids wil l either not sett le, or settle so 

slowly as to contribute minimally to deposition rates. 

The applicant a)so briefly analyzes the propensity of the settled 

sol ids to be resuspended. Based on the work of Hendricks (1976) the 

applicant chooses 20 cm/sec (0.7 ft/sec) as the minimum velocity required to 

produce resuspension. This is pro-bably a high est imate since Hendricks 

(1976) also found that velocities $$ low as about 6 cm/sec (0.2 ft/sec) 

would, at some locations, produce resuspension. The applicant then states 

that "solids that do settle maywell be subject to resuspension by the tidal 

currents, whose values in the outer harbor £f£en exceed 20 cm/sec." 

The applicant's statement can be augmented as fol lows. Current meter 

data were col lected at several stat ions near the ex is t ing and proposed 

outfalls in the summer of 1979. Station C' (see Figure 14) is closest to 

the proposed outfall, although the depth of water is only 12.8 m (42 ft). 

Current data were collected at depths of 5 m (16 ft) antf 9 m (39 ft) over a 

16-day period. Based on the data conta ined in Appendix II of the 

application a cumulative density distribution of speeds can be generated. 

The results can be used to estimate whether or not resuspension is likely to 
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occur at the proposed outfal l , even though the data are limited and the 

water depth is less by 3.9 m (13 f t ) . Figure 19 shows the result ing 

distribution. ' Ba.sed on this part icular distribution, speeds exceed 20 

cm/sec (0.7 ft/sec) for about 14 percent of the observat ions, and were 

observed to be a-s high as 38 cm/sec (1.2 f t /sec) . Currents were in the 

range o-f 3 So; 20 c m / s e c ( 0 .  2 to 0.7 f t / s e c  ) for 60 percent of the 

observations, and were below 6 cm/sec (0.2 f t /sec) 26 percent of the time. 

Based on the applicant's -criterion of resuspens ion occurring when current 

speeds exceed 20 era/sec ^0.? f t /sec) , it does not appear that resuspension 

is frequent. However, if resuspension is poss ib le for speeds exceeding 6 

cm/sec (0.2 ft/sec), then resuspension could occur up to 75 percent of the 

time. . ­
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Section 5. Public Water Supply Impact Assessment 

Th-e aj>pHca.nt s t a t e  s t ha  t t h e r  e are no e x i s t i n  g or p lanne  d 

desalinization p/!$<fts producing water for public water supplies in the area. 

This was. confirmed with the Massachusetts Div is ion of Pollution Control3. 

The ComnKmwe.aT:fcft of Massachusetts does not have speci f ic standards for 

saltwater used as a source for public water supplies. 

a Personal communication (phone) on February 9, 1981, by^jr-en Summers with 

Jerry McCall of the Massachusetts Division of Pollution £ibtitrol. 
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Section 6. Biological Conditions Summary 

The. Bio-lag-lcal Conditions Summary (BCS) for the New Bedford application 

is supplied as Appendix XI. The applicant presents data in the BCS for the 

following biotfc groups: phytoplankton, zooplankton, benthic infauna, 

intertitfat macrofauna/algae, demersal fishes/megafaunal invertebrates, and 

shellfish. Studies of bioaccumulation of toxic substances are discussed by 

the applicant in Appendix XVII. 

Phytoplankton--


The app l i can t bases i ts e v a l u a t i o  n o f potent ia l impac t s on 

phytoplankton due to the existing effluent discharge and its prediction of 

possible impacts due to the proposed discharge on the results of a limited 

sampling program conducted in- the vicinity of the out fa l l and reference 

areas during August, 1979. 

Study Design--Phytoplankton samples were collected at six stations: 

one within the ZID, one immediately beyon-d the ZID, one at the proposed 

outfall, one in Nasketucket Bay to be used as a control for the existing 

outfall, and two other stations in the general area of the proposed outfall. 

There is some uncertainty concerning the exact locations of the within-ZID 

and near-ZID stations (see Sampling Stations and Reference Area Evaluation, 

below). Collection of phytoplankton at these two stations may not be 

adequate for a definitive eva luat ion of potential impacts of the effluent 

discharge on phytoplankton, since such effects may not be manifested in the 
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immediate vicinity of the outfall. Phytoplankton are carried about by 

movements of the water and there may be a lag time in the response of 

phytopl-anktoft- to- effluent inputs. Consequently, phytopl ankton should be 

sampled at varying distances from the outfall, preferably in the direction 

of current flow. The next closest station to the outfall may have been too 

far away £2.7 fent- (1.65 mi)] to detect an eff luent-related effect. In 

addition, it is not indicated whether this next closest station was in the 

direction of current flow from the outfall at the time of sampling. 

During the sampling program, phytopl ankton were apparently collected 

only once at each station. Atl sampling was completed between August 15-17, 

1979. Col lect ion of samples over only a 3-day period does not permit 

examination of seasonal variation$ ifl the phytoplankton community, which are 

an integral factor in the definition of a balanced, indigenous population. 

Samples were collected at the surface a-nd at mid-depth at each station, but 

replicate samples at each deptfc vere apparently not collected. The lack of 

replicate samples precludes estimation of within-station variability, and 

hence extremely limits statistical analysis of the data. 

The applicant conducted only a taxattoraic analysis of the phytoplankton 

samples. Taxonomic characterization of the phytoplankton permits evaluation 

of discharge-related alterations in the community composition^ but does not 

allow evaluation of changes in the overal l level of primary production, 

which may be a f f ec te  d by e f f luent inputs. Measurement of primary 

productivity and/or community b iomass (as chlorophyll &} would have been a 

valuable addition to this sampling program. 
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Sampling Stations and Reference Area Eva!uat ion--The locations of the 

six phytoplattfctpn stat ions are shown in Figures XI-1 and XI-2 of the 

application (reproduced here as Figures 20 and 21). The applicant describes 

Station PI as be-frg "within the ZID" and Station P2 as being "immediately 

beyond tfee 2If>»M The location of the outfall is not shown in Figure XI-1 of 

the application, but was added in Figure 20 of this evaluation. Coordinates 

of the phytoplankton- stations are not given, although they presumably 

coincide with those of tfte similarly-numbered benthic sampling stations in 

Table XI-1 of the application. If the coordinates listed are correct (see 

further discussion voxler Benthos subsect ion be low) , it would appear that 

both Stations PI and P2 are beyond the ZID, and that Stat'on PI [167 m (548 

ft) from the outfall terminus] is actually farther awa> from the outfall 

than is Station P2 [76 m (249 ft}]. This apparent discrepancy cannot be 

resolved with the information avail able in the application. Both Stations 

PI and P2 may be considered nrear-ZID stat ions for evaluat ion of possible 

effects on phytoplankton. 

Reference Station P17 is located in approximately 6.1 m (20 ft) of 

water in Nasketucket Bay (Figure 21). This is somewhat shallower than the 

water depth at the s i te of the e x i s t i n  g ou t fa l l [ 3 .8 m (29 f t)] . 

Nevertheless, this station appears to be sufficiently removed from other 

anthropogenic pollutant sources to serve as an adequate control. It is not 

known what tidal stage prevai led at the time of sampling. Depending upon 

the tidal stage, this station may have been more influenced by inshore 

waters or offshore waters than corresponding stations in the vicinity of the 

existing outfal1. 
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STATION LOCATIONS ARE AS SHOWN BY THE 
APPLICANT. LOCATIONS OF THE EXISTING 
OUTFALLS WERE ADDED AS PART OF THIS 
EVALUATION. THERE IS SOME UNCERTAINTY 
REGARDING THE EXACT LOCATIONS OF 
STATIONS NEAR THE EXISTING OUTFALLS. 
(SEE TEXT FOR FURTHER DISCUSSION). 

P8 

88 ­̂a 
APPROXIMATE LOCATION 
OF PROPOSED OUTFALL 

0 

L 1 J NAUTICAL MILES 

KILOMETERS 

o i • 89 
P9 

B BENTHIC SAMPLING STATIONS 
SF SHELLFISH TRAWL 
Z ZOQPLANKTON. Tî AWL 

F FjSti tR*W. 
P PHYTOPLAWrrON SAMPLING STATIONS 
X INTERTJOAt SAMPLING STATIONS 

REFERENCE: NEW BEDFORD 301(h) APPLICATION, 1979 

Figure 20. Location of biological sampling stations,

New Bedford, MA.
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Phytoplankton Station P7 (Figure 20) is located approximately 2.7 km 

(1.65 rut) offshore from the e x i s t i n  g out fa l l , and therefore might be 

considered a bey-ond-ZID stat ion. As noted above, however, it is not 

indicated whether this station was in the direction of current flow from the 

outfall at th£ tifce of sampling. This station may have been too far away 

from the outfall to detect an effluent-related effect on phytoplankton. 

Phytoplankton Station PB is located still farther offshore (Figure 20), 

and although it is -described by the appl icant as being "at the proposed 

outfall," it was apparently positioned approximately 1.2 km (0,8 mi) inshore 

of the p roposed d i f f u s e r  . W h i l  e such a d i s p l a c e m e n  t is of little 

consequence for the sampling of plaflktonic organisms which are subject to 

advection, it would have been preferable to sample in the immediate vicinity 

of the site of the proposed di 

Phytoplankton Station P9 is located sti]l farther offshore (Figure 20), 

and would probably reflect conditions unlike tttese at the more inshore 

stations. The purpose of sampling at thj$ station is not reported. 

Sampl ing Procedures--Phytopl ankton samples were collected with a 2-1 

water bottle at the surface and at mid-depth. The samples were preserved 

with buffered formalin and later analyzed in the laboratory using the 

Utermohl technique (Sournia 1978). These are acceptable procedures except 

that it should be noted that fo rmal in is not appropr ia te for the 

preservation of all phytoplankton. In particular, flagellated forms might 
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be better preserved in Lugo! ' s solution (Stofan and Grant 1978). It would


also have been preferable to collect replicate samples from each depth at


each


Taxon-omic Procedures— Taxonomic identifications were made by using a


phase contrast, inverted microscope at 1250X. The applicant lists a number


of taxonomic references utilized for the identification of phytoplankton.


Counting of individual tax* was conducted until approximately 100 units (a


unit was defined $$ a ce-1 1 , filament, colony, or frustule) of the most


numerous taxon had been found. Unfortunately, the applicant simply reports


the list of taxa identified (only a few of which were identified to species)


and does not provide information on their individual abundances. The only


quantitative data provided in th$ application are grouped by major taxa


(e.g., Chlorophyta, Bacil lariophyceae, etc.), so it is not possible to


compare the relative abundances (or even the presence or absence) of


individual taxa among stations. Failure to identify the majority of the


phytoplankton beyond the generic level is also a serious omission. It is


impossible to adequately define a balanced, Indigenous population without


accurate identifications to species.


Statistical Procedures— The density of phytopl ankton cells (both for


individual taxa and for the entire community) ift tne- two phytoplankton


samples (one surface and one mid-depth) from each station were apparently


averaged to give a single value of each parameter for each station. The


mean densities for individual taxa are not reported, but again, the cell


densities and percent contribution to the total phytoplankton community in
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each of a number of broad taxonomic groups are tabulated for each of the six 

stations (Table XI-16 of the appl icat ion) . The raw data are not reported, 

however*. The'-appl icant u t i l i z e  s s e v e r a l s ta t is t ica l procedures for 

comparison of the phytoplankton at the six stations. In Table XI-17 of the 

application (reproduced here as Table 24) va lues of the Shannon-Wiener 

diversity ar$ reported for each stat ion, although it is not clear how they 

were calculated (using individual taxa or the broader taxonomic groupings; 

using the pooled pbytop-3 ankton samples from each station or the individual 

samples). In additfsn, Jaccard's similarity coefficients were computed for 

comparison of the pftytoplanVton taxa between each pair of the six stations. 

This coefficient i$ simply the quotient of the number of taxa occurring in 

common between two samples divided by the total number of taxa occurring in 

the two samples. It therefore represents only the percent of the taxa found 

in common between two samples. It <foes not taken into account differences 

in the abundances of individual tax$ "between the two samples. Finally, 

chi-square va lues were computed for compar i son of phytoplankton unit 

densities among the major groups (Table 24)i.. Once again, it is not clear 

whether these chi-square values were computed using the pooled phytoplankton 

samples from each station or the individual samples. Also reported in Table 

24 (but not statistically compared, due to the lack of replicate samples) 

are the total densit ies of phytoplankton ce l l  s at each stat ion and the 

numbers of phytoplankton taxa observed at each station* 

BIP C o m p a r i s o n - - F o  r a p roposed i m p r o v e  d d i s c h a r g  e ( i n v o l v i n  g 

relocation) into unstressed ocean wa te rs , the appl icant should compare 

communities at the ZID boundary with the balanced, indigenous population at 
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an unstressed control locat ion, and the appl icant should descr ibe the 

present biological conditions at the proposed outfall site. 

Phytoplanktofl sampl ing conducted in support of the appl icat ion is 

insufficient for making the required BIP comparison for the fo l l ow ing 

reasons; 

1. Collection Qf pfcytoplankton at only two stations in the 

vicinity of the outfall may not be adequate for a definitive 

evaluation of potential impacts of the effluent discharge on 

phytoplanitton, since such effects may not be manifested in 

the immediate vicinity of the outfall. 

2. Characterization of a BIP of phytoplankton for this area was 

inadequate due to lack of i n f o r m a t i o  n on s e a s o n a l 

va r i ab i l i t y , omiss ion o f m e a s u r e m e n t  s o f p r imary 

productivity and/or communi ty b i o m a s s  , and fa i lure to 

identify the majority of phytoplankton to species. 

3. The lack of replicate samples at each station precluded an 

evaluation of the s ign i f icance of observed dif ferences 

between stations in cell densities and/or munbe-rs of taxa. 

The appl icant indicates that the smal l (5-10 urn:} centric diatom, 

Cyclotel la m i c hi g a ni a n a , was "a dominan t dens i t y component of the 

phytoplankton at all stations." Other abundant taxa were small cryptophyte 
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and chrysophyte phytoflagellates at Stations PI, P2, P7, and P8, cryptophyte 

phytoflagel lates at Station P9, and the diatom Skeletonema costatum, at 

Station P17. ita-lburt (1963) attributed the dominance of shallow, nearshore 

coastal regions in New England by small diatoms and phytoflagellates to the 

higher s&ttling r-ates of larger diatoms that dominate offshore regions. In 

the absence- of abundance estimates for individual taxa, it is not possible 

to compare quantitatively the app l i can t ' s phytoplankton data with those of 

other inves t iga tors t-Q examine p o s s i b l  e a l t e r a t i o n  s in dominance 

relationships. 

J a c c a r d ' s similarity c o e f f i c i e n t  , used to a s s e s  s qua l i t a t i ve 

differences in the phytoplankton populations at the various stations, ranged 

between 0.41-0.66 for the 15 statlott-station comparisons (Table 25). This 

impl ies that ind iv idua l stat ions only had 41-66 p e r c e n t of their 

phytoplankton taxa in common *1tft oth-er stations. The applicant asserts 

that the outermost stations (F7, P8, and P9) had "the greatest numbers of 

common phytoplankton taxa." The applicant further claims that: 

"There were no major di f ferences among Stat ions PI and P2 (in 

and immediately beyond the ZID), Stations P7, P8 and P9, and 

Station P17 (reference) indicate by Jaccard's coefficients." 

The Jaccard coefficients for comparisons of Stations 1 end 2 with the other 

stations ranged from 0.41 to 0.57 (Table 25); it is not known howsmall this 

coefficient would have to be for the appl icant to consider it a "major 

qualitative difference." The fact that the phytoplankton assemblages were so 
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TABLE 25. JACCARDS'S COEFFICIENT OF COMMUNITY3 FOR PHYTOPLANKTON

SAMPLES COLLECTED AUGUST 15-17, 1979


Station Pi P2 P7 P8 P9 P17 

PI 0.50 0.53 0.42 0.43 0.52 

P2 0.51 0.41 0.57 0.45 

P7 0.58 0.66 0.44 

P8 0.65 0.57 

P9 0.48 

a The Jaccard's coefficient of community (CC) is calculated as: 

CC = a- + b - c 

where: 

a = number of species in sample a 

b = number of species in .saiftple b 

c = number of species in both a and b 
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markedly different between stat ions, even when the s ta t ions were close 

together (Stat ion PI and P2 had a J a c c a r  d coef f ic ient of only 0.50), 

suggests that tfce. phytoplankton community at each station may not have been 

adequately chafact-en'zed. Col lect ion of more samples at each station or 

counting a. larger fraction of each sample might have resulted in more taxa 

being ftfuntf at each station. 

The applicant feport$ that the selected chi-square analyses (Table 24) 

demonstrated that there were signif icant (P < 0.001) differences among the 

stations in the "unit abundance of major phytoplankton groups." It is not 

clear how these chl-square values were calculated or what these "major 

phytoplankton groups" were . A t tempts to c a l c u l a t e (as part of this 

evaluation) chi-square va lues far the stated compar isons using the unit 

densities reported in Table XI-1$ of the appl icat ion were unsuccessful at 

reproducing the chi-square values reported by the applicant (Table 24). If 

densities within individual taxa were used rather than densities within the 

major groups, the highly significant chi-square values may only reflect the 

fact that the stat ions had so few taxa in commo-h (as indicated by the 

Jaccard s imi lar i ty c o e f f i c i e n t s )  . The a p p l i c a n t does not g ive any 

interpretation for the fact that all stations tested had signi f icant ly 

different phytoplankton assemblages. 

With regard to cell densities, the applicant asserts that: 

"There were no l a rge densi ty d i f f e r e n c e  s among the major 

phytoplankton groups at any of the stat ions that could not be 
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e x p l a i n e  d as na tu ra l v a r i a b i l i t  y  in the p h y t o p l a n k t o  n 

communities." 

Examination of tne appl icant 's Table XI-16 would seem to corroborate this 

assertion, although it should be noted that replicate samples and rigorous 

statistical analyses wou l  d be requ i red to e s t i m a t  e the stat ist ical 

s igni f icance of any o b s e r v e  d d i f f e r e n c e  s in the abundances of major 

phytoplankton groups. The possibility also exists that large differences 

occurred between stations in the abundances of individual taxa. Since these 

abundances are not reported, this possibility cannot be explored. 

The applicant notes that members of the Euglenophyta and Cyanophyta 

(two groups which sometimes attain- hf<3h densities in eutrophic systems) were 

present near the existing outfall (Stat ions PI and P2) and at Station P7. 

Members of the Cyanophyta were also- present at Stations P8 and P9, however, 

and both groups were in low atundarrce at all stat ions where they were 

present. Since they were not present in high abundance near the outfall, 

severe eutrophication is not suggested. 

The total phytoplankton density ran-g-ed from 8,545 cells/ml at Station 

PI (nominally within the ZID of the existing outfall) to 1,832 cells/ml at 

Station P8 near the proposed outfall (Table 24). While htgher densities at 

the existing outfall are suggest ive of sewage enhancement of phytoplankton 

growth, they may only represent a typical onshore-o-f fshore gradient in 

phytoplankton abundance. In support of this interpretation is the fact that 

the second highest phytoplankton abundance was at the control station, P17. 
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The total phytoplankton density reported for the outfall station is similar 

to the density of phytoplankton ce l ls in Lower Narragansett Bay in late 

summer {Ssia.y.<*3 1958), suggest ing that th is is not an abnormally high 

density. Once again, replicate samples and rigorous statistical analyses 

would b€ required to estimate the statist ical significance of any observed 

differences, itr total phytoplankton abundance. It would dlso be helpful to 

have more stations in closer proximity to the existing outfall. 

In summary, the .phytoplankton data col lected in 1979 revealed dramatic 

differences in corowunity composit ion and minor d i f fe rences in overal l 

abundance, both betxeen tw-o s tat ions in the immediate vicinity of the 

existing outfall ZID and between these stat ions and four other stations, 

including a reference station in Nasketucket Bay and a station near the site 

of the proposed outfal l . Certain-Ty, more ex tens ive sampling would be 

required to determine whether these- observed trends are s ta t is t ica l ly 

significant and whether they occur at other times throughout the year. With 

the data currently a v a i l a b l e  , it cannot be determined whether these 

differences are related to the discharge of sewage- effluent. 

Occurrence of Pol lut ion-Resistant And Nuisance Spec ies- -Among the 

marine phytoplankton, species commonly bel ieved to be nuisance species are 

generally dinoflagellate species assoc ia ted w i th rerf tides. The applicant 

notes that species of Gymnodinium and other dinoflagellate genera were found 

at all stations, but that they were always present in low densities and no 

toxic species were identified. In New England, red tides which have caused 

paralytic shellfish poisoning (PSP) are caused by Gonyaulax tamarensis, but 
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the applicant does not list Gonyaulax among the dinoflagellate genera

\ 

identified during the phytoplankton study. Its absence from the area during 

the limited .duration of the phytoplankton study does not mean that it never 

occurs in the ar-ea» however. Red tides have never been reported from the 

New Bedford area, and the closest they have occureed to New Bedford is in 

the Falnrautb are-a, approximately 24 km (15 mi) from New Bedford on the 

opposite side of Buzzards Baya. The extent to which the discharge of sewage 

effluents in the ffew Bedford area will enhance the growth of red-tide 

organisms in the future is unknown. 

Zooplankton--

The applicant bases its evaluation of potential impacts on zooplankton 

due to the exist ing effluent discharge and its predictions of possible 

impacts due to the proposed discharge- on the results of a limited sampling 

program conducted during 1979. 

Study Design--Zooplankton sampl ing was conducted during 14-17 August, 

1979, at six locations: one at the site of the existing outfall, one near 

the site of the proposed outfall, one between these two locations, and three 

a Personal communication (phone) on September 14, 1951, by Dr. Lawrence 

E. McCrone, with Mr. Richard Packard, Mass. Dept. Environmental Quality 

Engineering, New Bedford, MA. 
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control locations in Nasketucket Bay. Ef fects of an effluent discharge on 

zooplankton may not be manifested in the immediate vicinity of the outfall 

since zoopl-aflfcton are carr ied about by movements of the water. While the 

intermediate location offshore of Clarks Point could serve as a beyond-ZID 

location for the detect ion of p o s s i b l  e ou t f a l 1 - r e l a ted effects on 

zoopl anktott,. H Is- not known whether this site was upcurrent or downcurrent 

from the outfall at the time of sampling. Consequently, zooplankton at this 

site may or may not h-ave experienced effects from the effluent discharge. 

Apparently, sampling consisted of the co l lec t ion of only a single 

sample at each location. This does not permit estimation of within-station 

variabil i ty and hence prec ludes s ta t i s t i ca l a n a l y s i  s of the data. 

Collection of samples over only a few days also does not permit examination 

of seasonal variations in the z-oopl^rikton community, which is an integral 

factor in the definition of a balanced^ indigenous population. 

Sampling Stat ions and Reference Area Eva lua t ion- -The six locations 

where zooplankton sampling was conducted are shown in Figure 20. Since the 

sampling was conducted by towing a net ofetiquely wh i le the vessel was 

underway (see Sampling Procedures b e l o w )  , the locat ions sampled are 

represented by transects over horizontal d is tances of approximately 610 m 

(2,000 ft), rather than by fixed stat ions. Transect Z5 is in- the immediate 

vicinity of the ZID of the exist ing outfal l , but give.^ the scale of the 

applicant's map, it is impossible to determine whether tftis transect enters 

the ZID. Hence, transect Z5 should be considered a near -Z ID location. 

Transect Z12 is located a p p r o x i m a t e l y 2 ,438 m (8,000 f t ) o f fshore of 
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transect IS, and therefore might be considered a beyond-ZID station. As 

noted above, however, it is not known whether this site was upcurrent or 

downcurrent from the outall at the time of sampling, which would determine 

whether the zootplankton at th is s i te may have been influenced by the 

effluent discharge. Transect Z14 was still farther offshore, and although 

it was descrltjed by the applicant as "near the proposed improved outfall," 

it was apparently located approximately 1,219 m (4,000 ft) inshore of the 

proposed diffuser. WOe such a displacement is of little consequence for 

the sampling of plantetorcis organisms which are subject to advection, it 

would have been preferable to. sample in the immediate vicinity of the site 

of the proposed discharge. 

The remaining three transects; are all located in Nasketucket Bay 

(Figure 20). Each of the three is positioned with regard to depth and 

hydrography in order to serve as controls for the three previously mentioned 

stations. All three transects- in Nasketucket Bay appear to be sufficiently 

removed from other anthropogenic pollutant sources to serve as adequate 

controls. Once again, it is not known -wtvat titfal stage prevailed at the 

time of sampling. Depending upon the tid^l stage, these locations may have 

been more in f luenced by i nsho re wa te r s or o f f s h o r  e waters than the 

corresponding locat ions in the v i c in i t y of the ex is t ing and proposed 

outfalls. 

Sampling Procedures--Zoopl ankton were collected by towing a net from 

just above the bottom to the surface whi le the vessel was underway at an 

approximate speed of 1 m/sec (2 knots) . The net used had a 0.5-m (1.64-ft) 
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mouth diameter and a mesh of 202 urn. While a 0.5-m (1.64-ft) mouth diameter 

is slightly smaller than that general ly recommended for coastal zooplankton 

collection:* £Q^6 m (1.97 ft), cf. Jacobs and Grant 1978], a mesh of 202 urn 

is appropriate. Oblique tows at a sh ip ' s speed of 1.0 m/sec (2 knots) are 

an acceptable sampling method. The volume of water passing through the net 

was calculated: tftrough the use of a flowmeter suspended in the mouth of the 

net. Repl icate samples were a p p a r e n t l  y not co l lec ted at any of the 

stations. Zooplarcfeton- $3m:ples were preserved with a 5 percent buffered 

formalin solution. Identifications were made using a binocular compound 

microscope. 

Taxonomic Procedures—Taxonomic procedures utilized were not specified 

(although a list of general taxonfrnlc references was provided), and it is 

not known what qualifications the person(s) analyzing the samples possessed. 

The applicant reports that 48 species or taxa were found in the six samples. 

The size of the subsamples counted is not reported. 

Stat ist ical P r o c e d u r e s — T h  e ont-y quan t i t a t i ve a n a l y s e  s of the 

zooplankton data were the calculat ion of tfre Shannon-Wiener diversity index 

for each sample and the compar ison of the individual samples wi th one 

another through the use of Jaccard's coefficient of community (cf. Clifford 

and Stephenson 1975; Boesch 1977) and weighted clust$r1ng techniques based 

on the Czekanowski index of affinity (cf. Boesch 1977). 

The applicant reports only the range of values for the Shannon-Wiener 

diversity index: 2.8028 (Sample Zll) to 3.3682 (Sample Z14). The other 
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values, calculated as part of this evaluation, were 2.89, 3.03, 3.25, and


3.06 for samples Z5, 112, Z13, and Z15, respectively. The applicant


concludes tha-t "Diversity values within this range indicate a fairly diverse


community" and that the "spread of values was not great enough to indicate


an appreciable difference among the stations."


The calculated Jaccard coefficients are not reported by the applicant;


the only conclusion is that they "yielded a relatively high affinity among


the stations." This coefficient is simply the quotient of the number of


taxa occurring in caramon be-tween two samples divided by the total number of


taxa occurring in the two samples. It therefore represents only the percent


of the taxa found in common between two samples. It does not take into


account differences in the abundances of individual taxa between the two


samples. The applicant further indicates that "The resulting dendrogram


(Figure XI-8) [of the application} did not yield any readily explainable


[sic] grouping of stations,"' suggesting that the Jaccard coefficient was


used as the basis for the clustering algorithm. Attempts to confirm this


method of calculation were made as part of this evaluation, however, and it


was not possible to recreate the applicant's dendrogram.


After discussing the Jaccard coefficient, the applicant indicates that


"Weighted clustering techniques based on the Czekanowskf Index of affinity


and the pair grouping methods" used for drawing the dendrogram "produced a


consistant [sic] pattern for the station." It seems likely, therefore, that


the dendrogram (Figure XI-8 of the application) mentioned in conjunction


with the discussion of the Jaccard coefficient was in fact based on the
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Czekanowsk i index and not on the J a c c a r d c o e f f i c i e n t  . Too little 

information is suppl ied by the appl icant to conf i rm this supposi t ion, 

however* For the analysis of the demersal fish and megafaunal invertebrate 

data, ths applicant u t i l i zed "A s t a n d a r d i z e d Bray-Curt is similarity 

coefficient (Boe-sch 1977) and the unweighted pair-group method using 

arithmetic .d¥$f$£e-s" for the construction of dendrograms. The applicant 

altered the data somewhat by performing a log(x+l) t ransformat ion "to 

equalize the contribution of rare and abundant species" and by eliminating 

"those species which occurred only rarely." If similar methods were used 

with the zooplanktcm data, this could explain the inability to recreate the 

applicant's dendrogr-am as part of this evaluation. 

The lack of replicate samples from each station precludes statistical 

analysis of differences in abundance Between stations, either for individual 

taxa or for the zooplankton coromifrity as a whole. 

BIP Compari sons — For a p r o p o s e d improved d i s c h a r g  e ( i nvo l v ing 

relocation) into unstressed ocean waters, the appl icant should compare 

communities at the ZID boundary wi th the balanced, indigenous population at 

an unstressed control locat ion, and tHe appl icant should descr ibe the 

present biological conditions at the proposed outfall site. 

Zooplankton sampling conducted by the applicant is insufficient for 

making the required BIP comparisons for the following reasons: 
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1. There has been no attempt to accurately define a BIP of 

zooplankton character is t ic of this biogeographic zone. 

Particularly lack ing are est imates of both within-station 

-and seasonal variability. 

2. Tb$- lack of replicate samples precludes statistical analysis 

of differences in abundance between stat ions, either for 

individual taxa OP for the zooplankton community as a whole. 

3. Failure to note ttie tidal stage at the time of sampling 

opens the- question of whether or not the beyond ZID sample 

could be expected to show effects of the effluent discharge. 

This omission a lso renders the compar ison of the outfall 

stations with the con-trot stations in Nasketucket Bay of 

dubious significance, sir>ce^ depending upon the tidal stage, 

the control stations may have been more influenced by 

inshore waters or offshore waters than the corresponding 

stations in the v ic in i t y of the ex is t ing and proposed 

outfalls. 

Due to the extremely limited zooplankton sampling program (one sample 

at each of six stations), the appl icant 's conclusions sfrou?d be regarded as 

very tenuous. In the absence of information on witftln-station and/or 

seasonal variability, statements that "Diversi ty values within this range 

indicated a fairly diverse community" and that the "spread of values was not 

great enough to indicate an apprec iable d i f fe rence among the stations" 
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cannot be taken as conclusive evidence that the existing effluent discharge


has not adversely affected the zooplankton communities.


Uncertainty over the method used for constructing the similarity


dendrogr-aw renders it of questionable utility in the examination of possible


outfall-reUteri effects. It is interesting to note, however, that the three


Nasketucket Bay control samples clustered apart from the other samples, and


that the sample co-ne-cte-d £t the existing outfall (Z5) only joined the


cluster formed from the other five stations at a low (< 0.4) similarity (see


Figure XI-8 of the application). The applicant attributed the latter effect


to the large catch af larval barnacles (Balanus spp.) and larval gastropods


at Station IS. While it is doubtful that an increased abundance of these


forms would be related to the eff}u«nt discharge, it does open the question


of the comparability of the otftfati and "control" stations, where the


abundance of these forms was cans?durably lower.


The applicant states that:


"Total number of individuals per/nr* [s-fcj indicates a definite


carrying capacity for both the Nasketucket Bay and New Bedford


Outer Harbor area with the Harbor having the greater capacity."


While the total zooplankton abundance was in each case higher at the harbor


stations than at the corresponding control stations in Nasketucket Bay, it


does not seem justified to conclude that the populations in: either area have


reached the carrying capacity of the environment, or that any of the
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observed dif ferences are s igni f icant . Sampl ing var iab i l i ty alone could 

easi ly account for the observed range of total zooplankton abundances 

(4,372-7,.8i9-/<n3). 

Th-$ applicant reports that copepods as a group dominated the 

zooplanfctoft, witft "21 taxa comprising 64% of all individuals." Actually, 

only 20 categories of copepods are l isted in the appl icant 's Table XI-18, 

and a number of species are subdivided by developmental stage. Only nine 

copepod species were identified, of which Acar t ia tonsa and Paracalanus 

crassirostris were aio-st abundant, comprising 31 percent and 23 percent of 

the total zooplankton, respe-ctively. Decapod la rvae were also abundant, 

with "nine taxa compr is ing 23% of the total zooplankton." Only three 

decapod species were identified however, of which Carcinus maenus was most 

abundant, comprising 10 percent -of tfte total zooplankton. No other major 

group comprised more than 8 percejrt of the total zooplankton. 

The applicant compared the holoplankton data from this study with data 

on copepod abundances in Buzzards Bay (Anraku 1964), and concluded that 

there were "no app rec iab le d i f f e r e n c e s in the dominance between the 

copepods . " Th i s c o n c l u s i o  n a p p e a r s j u s t i f i ed , s i n c e P a r a c a l a n u  s 

crassirostris and Acartia tonsa were a lso the dominant copepods in Buzzards 

Bay on August 17, 1960. The applicant attributed the higher density of 

copepods in Anraku's (1964) study to the smaller mesh nets used, which is 

entirely plausible. 
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The appl icant a lso compared i ts h o l o p l a n k t o n data wi th those of 

Jeffries (1962, 1964) from studies "located from Buzzards Bay to York River, 

Virginia." Actually, Jeffr ies studies were in Narragansett Bay (Rhode 

Island)^ Raritaf* #ay (New Jersey), and York River (V i rg in ia) . Only data 

from Narragansett 8ay would be expected to be strictly comparable with those 

from New Bedford Harbor. These data would suggest, as the applicant notes, 

that the zooplankton samples collected in the New Bedford Harbor "indicate a 

typical coastal marSrts € f lv i ronment . " A l t h o u g h not mentioned by the 

applicant, it is interesting to note that Jeffries (1964) reported increased 

numbers of lamellifrranch veiigers and Balanus nauplii following reduction in 

pollutant leve ls in- Raritan Bay. If true, this might suggest that the 

zooplankton in the vicinity of the exist ing New Bedford outfal l is not 

currently stressed by pollution, s-tnee a high abundance of Balanus spp. was 

found there. 

The appl icant conc ludes by s ta t ing "No e f f e c t  s w h i c h could be 

attributed solely to the outfall were observed in the 20oplankton of the 

study area." While this is apparently true, certainly a nore comprehensive 

sampling program would be necessary to st-ate- definitively that the existing 

discharge has not adversely affected the zooplankton communities. 

Benthic Infauna--

Preface--The appl icant summar izes the results of four studies of 

benthic infauna in Buzzards Bay, New Bedford Harbor, ami Nasketucket Bay. 

Two of these studies, which were performed during May, 1979, and August, 
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1979, examined the influence of the existing New Bedford sewage discharge on 

infaunal communit ies. The May, 1979, study was a prel iminary survey, 

whereas tte Augy-st, 1979, study involved a more intensive sampling effort 

and more detaited: data analyses. Most of the app l i can t '  s discussion of 

macrofatmat benthos is devoted to the August, 1979, survey. Although the 

applican-t refers to a report (Camp, Dresser, and McKee 1979 as cited by 

applicant) containing information on the May, 1979, survey, this document 

was unavailable during preparation of this review. Accordingly, this 

evaluation wil l fo-cus an the August, 1979, survey. The applicant also 

reviews two earlier $tudies by Sanders (1958) and Kelly (1978). 

Study Design--Some aspects of general study design for the benthic 

infaunal surveys are presented in Table 26. Each survey was conducted as a 

single sampling series over a limited time period. Although Sanders (1958) 

sampled numerous stations throughout Buzzards Bay, the applicant presents 

his data from a single station which was regarded as "...within the present 

study area." Both Sanders (1958) and Kelly (1378) measured parameters other 

than those l isted in Table 26; only those- var iables d iscussed by the 

applicant are included in Table 26. Grab- samples of sediment and associated 

organisms were taken during each survey. Details of sampling procedures and 

locations of sampling stations will be d iscussed in subsequent sections of 

this evaluation. 

Parameters measured during the May, 1979, and August, 1979, surveys are 

generally acceptable descriptors of benthic organism abundance, community 

structure, and hab i ta t . The app l i can  t p r o v i d e  s s p e c i e  s counts for 
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individual replicate samples taken during the May, 1979, survey, but not for 

those taken during the August, 1979, survey. Data analyses for the August, 

1979, survey included: a) dendrograms of station similarity based on the 

Bray-CuJ-tis sinnjafity coeff ic ient , b) inverse R-mode cluster analysis of 

those stfectes occurring in at least 10 percent of the replicates, and c) 

nodal ana-lys-fs wft^ch produces an integration of Q-mode and R-mode cluster 

analyses. These c lass i f i ca t ion techniques are potent ial ly useful for 

detection of polluti-on- Impacts on b io log ica l communit ies (Boesch 1977). 

Detai led evaluation of -an-alyti cal p rocedu res wil l be presented in a 

following section. 

Each of the benthic surveys d iscussed by the applicant was limited in 

temporal scope. Samples were collected near the exist ing outfall during 

only the May, 1979, and August, 1979-, surveys. Because the May, 1979, study 

was a prel iminary survey which tfi<J not include control s tat ions, the 

applicant's assessment of benttiic communities is based mainly on the August, 

1979, samples. The information provided by the appl icant is therefore 

inadequate for characterization of seasonal variation in benthic community 

structure and species composition. 

Sampling Stat ions and Reference Area Eva!uat ion- -The locat ions of 

sampling stations occupied during the May, 1979, and August, 1979, surveys 

are shown in Figures 20 and 21. The appl icant g ives the coordinates for 

each station in Table XI-1 of the application. The five stations sampled 

during May, 1979, correspond to f ive of the August sampling sites. The 

following list indicates the relationship of stations sampled during the two 

surveys: 
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May, 1979 August. 1979


Station 1 Station B3


2 B4


3 B5


4 Bl


5- B6


The applicant states tttat station positioning was accomplished with a


Mini-Ranger III navigation system (Motorola, Inc.) capable of 3 m ( 10 ft)


accuracy at 32 km (20 mi). This method of station location is accurate and


generally acceptable for benthic ecjwynity studies.


The applicant indicates that:


"Station Bl was located at the site qf the applicant's present


outfall and Station B2 was 21 m south of the outfall in an area


immediately outside the zone of initial dilution (ZID). Station


B8 was situated near the proposed Improved outfall while Station


87 and B9 were situated north and south, respectively. Stations


B17, B19 were located in Nasketucket Bay, to serve as control


for the present outfall, and the proposed improved outfall,


respectively."
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In this statement, the applicant impl ies that Station Bl was within the ZID 

and Station B2 was outside the ZID near the ZID boundary. However, station 

coordinates -presented in Table XI-1 of the appl icat ion and coordinates of 

the existing discharge provided in Part A, Section 3 of the application, 

indicate that Station B2 is closer to the outfall than is Station Bl (Table 

27). Either the coordinates indicated for Stations Bl and 82 in Table XI-1 

are in error or the app l i can t ' s descript ion of the relative positions of 

Stations Bl and B2 wth r$-$p$ct to the ZID is incorrect. 

If station co-oniinatss in Table XI-1 are correct , then none of the 

app l i can t ' s sampling site$ is loca ted wi th in the ZID of the ex is t ing 

discharge. The exist ing ZID calculated as part of this evaluation is a 

circle with a radius of 8.8 m (29 ft) (see above, Part B, Section 1). Based 

on station coordinates provided by the. applicant, Stations Bl and B2 are 167 

m (548 ft) and 76 m (249 ft) froa tbfc outfal l , respectively (Table 27), or 

approximately 158 m (518 ft) and 67 m (220 ft) beyond the ZID, respectively. 

According to the app l i can t ' s statement quoted above , Station 88 is 

si tuated near the proposed ou t f a l  l s f t e  » From Figure 20 and stat ion 

coordinates provided by the applicant, however, it is apparent that Station 

B8 is located beyond the ZID of the proposed discharge, about 1.2 km (0.8 

mi) from the proposed diffuser. Station B7 is locate^ about 3,1 km (1.9 mi) 

NNW of the proposed diffuser, and Station B9 is about 2*2 fcm (1.4 mi) SSW of 

the proposed diffuser. 
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The spatial pattern and density of sampling stations within New Bedford


Harbor and Buzzards Bay (Figure 20) appears adequate for determination of


possible kenthic community changes beyond the ZID of the existing outfall.


However, only two stations (Bl and B2) are located within 500 m (1,640 ft)


of the existing -discharge; as noted above, both of these latter sites may be


beyond the- 21$.


The applicant tfestgnates Stations 817 and B19 as control sites for the


existing and proposed discharges, respectively. However, the applicant did


not sample at the proposed -outfall site and fails to discuss the suitability


of Stations B17 and &19 as control sites. Therefore, only Station B17 will


be evaluated below.


From Figure 20 and NOAA chart 13230 of Buzzards Bay, Station B17


appears to be located approximately 0,6 km (0.37 mi) offshore from West


Island and about 1.4 km (0.90 mf) offshore from the mainland at a depth of


about 6.1 m (20 ft). Stations Bl and BZ are located about 0.9 km (0.57 mi)


and 1.0 km (0.61 mi) offshore, respectively, each at a water depth of 8.8 m


(29 ft). Since the existing outfall extends afcout 1.0 km (0.62 mi) from the


shore to a depth of about 8.8 m (29 ft). Station B17 may or may not be a


suitable control station for the existing discharge and Stations Bl and B2,


depending on local habitat conditions at each site.


Information provided by the applicant on habitat characteristics at


Stations Bl, 82, B17, and the existing outfall site is limited to data on


sediment composition in Table XI-13 of the application (also see Table 27).
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Sediment data given by the appl icant include median, sorting coefficient, 

percent silt, and percent clay. Percentages for sand and gravel components 

are not given* a-lthough they appear to comprise substantial proportions of 

the sediments at fliany of the app l i can t ' s stat ions. Median sediment grain 

size at Station #17 was 0.31 mm (0.012 in), which was simi lar to median 

grain size at Station B2 [0.29 mm (0.011 in)], but d iss imi la r to median 

grain s ize at S ta t i on 81 [0.58 mm ( 0 . 0 2  3 in) ] ( T a b l  e XI-13 of the 

application). Based on the data for median grain size, Station B17 appears 

to be a fair control statt-ofl for the ex is t ing d ischarge. However, this 

conc lus ion is herein, considered ten ta t i ve , pending e < a m i n a t i o n of the 

complete data set for sediment grain s ize composition. It should be noted, 

however, that sediment composition at Stat ions Bl and B2 could be modified 

by the presence of the discharge. 

On page XI-4 of the application, tfce applicant states that: 

"In order to physically character ize all stations, measurement 

of salinity, temperature and dissalv-ecf oxygen (D.O. ) were made 

at each sampling location." 

The results of these analyses are not presented in the Biological Conditions 

Summary. Some water quality data for stat ions in New- Bedford Harbor are 

provided in other sections of the application, but no data are available for 

Stations B17-B20 in Nasketucket Bay. 
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As part of this evaluat ion, Stat ions B18-B20 were also considered as 

potential reference s i tes for the e x i s t i n  g d ischarge site. However , 

Stations &X9" -atf£ B20 are located further of fshore and in deeper water than 

Stations $1 and 82 (Figures 20 and 21; Table 27). Station B18, located in 

water £fe$«t th-e same depth as Sta t ions Bl and B2, may be a reasonable 

control: site far the exist ing d ischarge, but its sediment composi t ion 

differs greatly from both Stations Bl and B2 (Table 27). 

In discussing tfte resalts of the benthic surveys, the applicant does 

not include pair-wise statistical compar isons of Station B17 with Stations 

Bl and B2. Since &1*\ of tfre sampling s i tes are included in a detailed 

analysis of community s imi lar i t ies, it seems appropr ia te to consider the 

suitability of the Nasketucket B^y $rea as a general location for control 

stations. Although Nasketucket Bay may receive some domestic sewage from 

small outfalls, no major sewage- <Hs?harges comparab le in size to the New 
• 

Bedford discharge are located therein. From the l imited information 

available, it appears that Nasketucket Bay is a suitable reference area for 

evaluating the effects of the New Bedford existing discharge. 

Sampling Procedures — Five replicate samples were co l lected at each 

stat ion using a 0.04 m^ (0.43 f t 2 ) "modi f ied" van Veen grab sampler. 

Samples were washed through a sieve having 0.5-mrn (Q.fl2-in} fflesh openings. 

The organisms and debris retained by the sieve were f ixed in 10-percent 

formalin and later preserved in 70-percent isopropano! for storage. Three 

of the five replicate samples were sorted and the organisms enumerated. The 

remaining two replicates were placed into storage and "are available for 

processing should greater statistical precision be required." 
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T h e a p p l i c a n t '  s s a m p l i n  g p r o c e d u r e s w e r e r e v i e w e  d d u r i n g t h i s 

evaluat ion an<i f o u n d to be adequa te for a q u a l i t a t i v e study of benthic 

infauna,. However, accuracy of the a p p l i c a n t ' s quan t i t a t ive data appears to 

have been compromised by the sampl ing procedures in some cases. 

First, the small [0.04 m2 (0.43 ft2)], "modified" var Veen grab may not 

have yielded quantitatively r e p r e s e n t a t i v e s a m p l e s . Word (1976) analyzed 

seven types of grab- starapters i n c l u d i n  g a n o r m a l van Veen g rab and a 

chain-rigged van Veen grab,. Word rated the c h a i n - r i g g e d van Veen grab as 

good for those cri teria which a f fec t q u a n t i t a t i v e s a m p l e s : var ia t ion in 

surface area sampled , depth of p e n e t r a t i o n , s a m p l e l e a k a g e , and pressure 

wave. The normal van Veen grab was rated good for m i n i m i z i n g var ia t ion in 

s u r f a c e area s a m p l e d and d e p t f c o-f p e n e t r a t i o n ; h o w e v e r , W o r d (1976) 

considered it poor w i t h respect to sample l e a k a g e and the creat ion of a 

pressure wave du r ing descent. If the a p p l i c a n t ' s m o d i f i c a t i o n to the van 

V e e n g r a b w a s c h a i n - r i g g i n g  , t h e  n t h e s a m p l e s w e r e l i k e l  y t o b e 

quan t i t a t ive ly representative. 

T h e accuracy a n d p r e c i s i o n w i t  h w-h - i ch p o p u l a t i o  n parameters a r e 

es t imated depends on the pa ramete r in q u e s t i o n and on the s ize of the 

sample. The total area sampled among the replicates -at each s-tation must be 

large e n o u g h to e s t ima te a g i v e n pa r ame te r w i t h i n acceptable l i m i t s of 

accuracy and p r e c i s i o n . If the s u r f a c e area s a m p l e d per s tat ion is too 

s m a l l , the data w i l l poorly e s t ima te the parameter in question because the 

ratio of the variance to the mean for a given parameter w i ' l be unacceptably 

158




large (Gonor and Kemp 1978). Consequently, within-habitat variability 

(which is a function of nonrandom distr ibution of the fauna) will obscure 

difference irt community structure when stations are compared. 

Hofcne and Melntyre (1971) and Swartz (1978) recommend that an area of 

0.5 mZ {5^4 ft*} fee sampled in coastal and estuarine regions in order to 

assess species composition. This recommendation is supported by the results 

of benthic studied in- Pug-el Sound (Lie 1968). From an analysis of ten 

0.1-m2 (i.i-ft2) repttcates at one site, Lie concludes that a minimum of 

five replicates is Deeded to- accurately assess species composition, while a 

minimum of three replicates i$ required to accurately estimate biomass and 

numerical abundance. 

In light of recommendations by Lie (1968), Holme and Melntyre (1971), 

and Swartz (1978), it is clear that th$ appl icant 's use of triplicate 0.04 

ffl^ (0.43 ft2) samples from each statfon may not have yielded accurate 

quantitative results. To evaluate the adequacy of the sample size used by 

the appl icant during the 1979 surveys, tax-on - area re la t ionsh ips were 

examined during this evaluation for Stations I (83), 2 (84), 3 (85) , 4 (Bl), 

and 5 (B6) sampled during May, 1979 (s tat ion des ignat ions in parentheses 

refer to corresponding locat ions sampled during the August survey, see 

Figure 20). Sorting data were not a v a i l a b l e for tfte August, 1979, survey. 

Because sampling procedures were similar during the May and August surveys, 

taxon - area re la t ionsh ips for the May survey should indicate the 

suitability of the sampling area for both surveys (at least for the five 

stations sampled during both months). For each station, the cumulative 
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number of taxa col lected by repl icate sample 1, rep l ica tes 1 and 2, and 

replicates 1, 2, and 3 were determined from sample counts in Table XI-5 of 

the application* When the cumulative number of taxa is plotted against the 

cumulativ-e area stapled, the form of the curve indicates the adequacy of the 

sample- $?ze . fai lure to a p p r o a c  h an asympto te  is i n d i c a t i v  e of 

undersampllftij,. $>nce a substant ial number of new taxa are collected with 

each successive replicate. 

As part of this evaluation, examinat ion of data in Table XI-5 of the 

application reveal$4 that the first two repl icate samples during the May 

survey included from 77 to &9 percent of the total number of species sampled 

by three replicates. Taxon - area relationships based on data in Table XI-5 

suggest that benth ic communi t ies may have been u n d e r s a m p l e  d for 

determination of species composition at some sites. The appl icant 's sample 

size may have been adequate for most quantitative analyses, however. In the 

absence of data from numerous repl icates (e.g., 15 to 20), it is not 

possible to definitely determine the adequacy of the appli:ant's sample size 

for all biological variables and parameters examined. 

The appl icant 's use of a 0.5-mm (<3»02-in) mesh s ieve for washing 

samples is adequate for most quantitative analyses. Reish (1959) found that 

90 percent of the biomass in his benthic samples was retained on a 1.4-mm 

(0.06-in) mesh sieve, and 90 percent of the number of species was retained 

on a 0.7-mm (0.03-in) sieve, but a 0.27-mm (Q.Ol-in) si^e was required to 

retain 90 percent of the number of individuals in a s.ample. Holme and 

Mclntyre (1971) recommend a mesh s ize of 0.5 mm (0.02 in) for macrobenthic 
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studies. Swartz (1978) points out that s ieve mesh size should not exceed 

1.0mm (0.04 in). For complete character izat ion of benthic communities 

(including .jyyen-iles, nematodes, and c rus taceans) , it may be necessary in 

some habitats to- use a mesh size smaller than 0.5 mm (0.02 in). 

Ta)ton<ant<: Procedures—The applicant briefly describes general taxonomic 

procedures used during the 1979 survey. Generally, these methods appear to 

be suitable for a benthic survey. Most taxonomic identifications were to 

the s p e c i e  s leve l  , al though the a p p l i c a n  t does not d e s c r i b  e the 

qualifications of personnel who identified benthic organisms. 

The applicant indicates that the following general taxonomic references 

were used for the identification o-f frenthic organisms: 

Polychaeta: Pettiboae £1963^ as cited by appl icant), Day 

(1973, as cited by applicant) 

Arthropoda: B o u s f i e l  d ( 1 9 7 3  > as c i t e  d by a p p l i c a n t )  , 

Wil l iams (1974, as cited by applicant) 

Mollusca: Turner et al . (MS, as­ c i te  d by app l i can t )  , 

Morris (1973, as cited by applicant) 

Other groups: Smith (1974, as c i te  d by a p p l i c a n t )  , Miner 

(1950, as cited by applicant). 

The applicant states, "Taxonomic sources for the identification of benthic 

invertebrates are numerous." Therefore, it may be assumed that additional 

taxonomic references were consulted. As the appl icant 's general taxonomic 
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references are commonly used for the identification of benthic invertebrates 

in the New England region, their use should ensure a reasonably high level 

of taxonomic precision. 

Statistical Analyses—Limited stat ist ical ana lyses of the May, 1979, 

data were #erforaed by the appl icant, including calculat ion of mean total 

number of species and mean total number of indiv iduals collected at each 

station. The applicant's 4fralyses Of the August, 1979, benthic infaunal 

data include calculation <3tf mean faunal density, spec ies richness, mean 

Shannon-Wiener diversity, ar?<i mean evenness at each station. Based on the 

August parameter va-lqes, stations were ranked and correlation coefficients 

were calculated for species richness and faunal density rankings, species 

richness and diversity rankings, and" faunal density and diversity rankings. 

Diversity was calculated according to the Shannon-Wiener index, H', 

(Shannon and Weaver 1949): 

H1 
A, PI1 1*9 Pi 1 = 1  ' 

where: 

s = number of species in the sample


Pi = proportion of the ith species in the sample,
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The base of the logarithm is not specif ied; however, base 2 is generally 

used in the computation of this index. Bri l louin's formula for diversity 

need not be- repeated here since the applicant does not present benthic data 

based on this formula even though the fo rmu la is p resented in the 

application. 

The applicant calculated evenness ( J 1 ) using a formula proposed by 

Pielou (1966): 

J' - H' 
log s 

where H1 and s are defined as. above. 

The diversity and evenness indices used by the applicant are suitable 

for between-site comparisons o^ bfiflthic communities (see Cl i f ford and 

Stephenson 1975, Green 1979). However, the applicant did not use available 

statistical methods (e.g., Hutcheson 1970) for detecting differences between 

pairs of species diversity values. 

The applicant performed both Q-mode and: R-mode cluster analyses of 

benthic infaunal communities. In this analysis, a Bray-Curtis similarity 

coefficient is calculated between station pairs as follows: 

where: 
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w = the sum of the lower of the two quantitative values for species


shared by the two stations


a * the. sqn* of all values for the first station


b * the sum of all values for the second station


or


1r pik)


Similarity is thus the- sum ttf the minimum proportion (or percentage) of each 

species. The applicant used a s t anda rd i zed B ray -Cu r t i s similarity 

coefficient and the unweighted pair-group method with arithmetic averaging 

to construct similarity dendrograms,. 

The classification analyses perfo-rmed by the applicant are generally 

acceptable techniques for benthic surveys. The Bray-Curt is index is 

probably the most widely used similarity measure (Boesch 1977), and has been 

shown to reflect true community s imi lar i ty accurately over a large range of 

over lap va lues (B loom 1981). B o e s c h {19-77} cons iders the unweighted 

pair-group method suitable for both R- and Q-mode clustering. 

The applicant indicates that the list of species use<J for the cluster 

analysis was reduced to eliminate rare species, but the criterion used by 

the applicant to exclude rare species from the Q-mode analysis are unstated. 

Improper criteria could result in the exclusion of species that are rare at 

most stations (e.g., away from the outfal l), but abundant at one or two 
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stations (e.g., near the outfall). Such a procedure could bias the results 

of cluster analysis, such that actual impacts of the discharge would remain 

undetected 

Ex-aflif flat ion- of Figure XI-5 and Table XI-10 of the application supports 

the applicant's statement that species were el iminated from the R-mode 

cluster analyses if they occurred in less than 10 percent of all samples. 

This is an unacceptable procedure which could lead to biased results. 

Furthermore, this pr0cs<±u re- led to the inclusion of only 33 of the 106 

species in the analyses. S3rtce station-specific data on species composition 

are not available for the August survey, it is impossible to determine the 

effect of this elimination criterion. 

The app l i can t s ta tes further that "The data we re log (x + 1) 

transformed to equalize the contribution: of rare and abundant species." Log 

transformation of the data reduces tfte- weight ing of the rare and common 

species; therefore, the need for removal of the rare species prior to 

analysis is not apparent. Moreover, the Bray-Curtvs similarity coefficient 

is inherently insensitive to rare groups. Removal of rare species and the 

subsequent l og r i thmic t r a n s f o r m a t i o  n may t h e r e f o r  e h a v e obscured 

between-site affinities and differences. 

Nodal analysis was performed by the applicant y-$ing a measure of 

species occurrence; i.e., the number of replicates (0, 1, 2, or 3) in which 

a species was collected is given for each stat ion. It is unclear why the 

appl icant did not employ a more convent iona l measure of the degree of 
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collection group and species group coincidence, such as the quantitative 

indices of constancy and fidelity reviewed by Boesch (1977). 

The -applicant uses a Mann-Whitney U-test to detect differences between 

station groups t<r species r ichness, faunal density, and diversity. The 

pooling of statfofl-specific data is based on station groups identified in 

the cluster analys is . These are acceptab le s ta t is t ica l techniques for 

determining d i f fer «ft4;« s h-etween g roups of s a m p l i n  g s ta t ions . The 

suitability of station groups, however, depends on the accuracy of the 

cluster analysis which was evaluated previously. 

BIP Compar isons ( E x i s t i n  g Ou-tf all ) - -The a p p l i c a n  t provides an 

assessment of impacts caused by th-£ exist ing discharge, based primarily on 

the results of benthic surveys conducted in New Bedford Harbor, Buzzards 

Bay, and Nasketucket Bay during Wa-y and August, 1979. This assessment 

depends on a comparison of berrthic irrfaunal communities 'near" the outfall 

with those at other stations presumably removed from the influence of the 

existing discharge. As discussed earlier f*v this evaluation, limitations of 

these studies include: 

1. Station Bl, which is described as "within the ZID" by the 

applicant, may be located beyond the ZID o-f the existing 

discharge. 

2. Station 82, which is described as "immediately outside the 

ZID" by the applicant, is located about 67 m (220 ft) from 
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the existing ZID boundary (according to outfall and station 

coordinates given by the app l i can t and the s ize of the 

existing ZID calculated as part of this evaluation). 

3. the bottom area sampled for benthic infauna [total area for 

thrse replicates equaled 0.12 m2 (1.30 ft2)] may have been 

too small for accurate estimation of some benthic community 

parameters measured by the applicant. 

4. The studies performed by the app l i can t do not assess 

seasonal variation- of benthic communities. 

5. The applicant does not document the suitability of Station 

317 in Nasketucket 8.ay a.s a re fe rence s i te, al though 

Nasketucket Bay appears to. &e adequate as a location for 

control stations. 

6. The applicant did not sample bfi-ntMc ififauna within the ZID 

or at the ZID boundary of the prop:o$6d discharge. 

7. Reference si tes were not s a m p l e d during the May, 1979, 

survey. 

8. Improper data reduct ion t echn iques may ha;ve been used 

throughout the cluster analyses performed by the applicant. 
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Despite the possible lack of va l id BIP comparisons for the existing 

discharge, it is possible to draw some tentative conclusions from the 

results of the- benthic infaunal s tud ies presented by the applicant. 

Although the applicant's studies may not have been sensi t ive enough to 

detect the severity of impacts within the ZID of the existing discharge, the 

density of samp-ling stations through New Bedford Harbor was probably 

suff ic ient to character ize the area l extent of impac ts , at least for 

distances from atwut 590m (1,937 ft) to 6,069 m (19,911 ft) from the 

outfall. Recall hd-wev-e-r tfta-t the app l icant 's ca lcu la t ions based on the 

August, 1979, samples cofc]d not be checked as part of this eva luat ion 

because the applicant does not p rov ide species counts for either the 

individual replicates or the pooled replicates at each station. 

The applicant presents a list of 106 taxa collected in the 60 samples 

taken during the August, 1979, survey (see Table XI-9 of the application). 

Species are ranked by percent occurrence in the samples in Table XI-10 of 

the application. The applicant notes that the two most common organisms 

found in the 1979 survey were the b iva lve fluctfla proxima and the polychaete 

worm Nephtys incisa. It should be emphssi-ze-d, however, that the percent 

occurrence data in Table XI-10 are deriv-ed. from the pooling of all samples 

from all stations. Therefore, conclusions regarding relative commonness of 

species at specific sites (e.g., the exist ing outfat} area) cannot be drawn 

from these data. 

Mean values and ranges of faunal density, Shannon-Wiener diversity, and 

evenness are presented in Table XI-11 of the application (s imi lar data from 

selected stat ions are shown here in T a b l e 28). The range of spec ies 
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richness values is a lso presented for each station, a ong with the total 

number of taxa collected in three replicates at each station. The applicant 

points out that species r ichness ranged from a high of 25 species in one 

replicate sample at Station 812 to a low of one species in a sample taken at 

Station 52. near the existing outfall. According to the applicant, Station 

B2 samples also contained the fewest numbers of individuals and the lowest 

d ivers i t ies relat ive to s a m p l e s f rom other s ta t ions. The appl icant 

emphasizes that only tUfc two stations near the existing outfall (Stations 81 

and B2) were consistently n&ar the bottom of station rankings for faunal 

density, species richness, and diversi ty (a l so see Table 28) . The low 

species richness values at Stations 81 and 82 were attributed to the impact 

of the existing discharge, since other stations within the 9.1 m (30 ft) 

contour displayed richer, denser faunas. 

As part of this evaluation, three stat ions were chosen for comparison 

with Stations 81 and 82 (Table 28). Stations 817 and 318 are located in 

Nasketucket Bay at depths s l ight ly l e s  s than and sl ightly more than, 

respectively, the stations near the existing outfall (Table 27). Station 

B17 was designated as a reference site far the ex is t ing discharge by the 

applicant. Information from Stations Bt7 and B18 const i tutes the best 

reference data available for the exist ing discharge site, although they are 

subject to l imitat ions d i s c u s s e  d ea r l i e r ( s e  e Sampling Stat ions and 

Reference Area Evaluat ion) . Stat ion B15 represents a site in the same 

general area as Stations Bl and B2 (Figure 20), with a similar water depth 

(Table 27). Because of its distance from the existing outfall [about 1.3 km 

(0 .8 m i ) ; see Table 27] , S ta t i on B15 is presumably removed from the 
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immediate ef fects of the d i s c h a r g e  . H o w e v e r  , it may not be total ly 

unaffected. 

Th$ tfata fn Table 28 generally support the applicant's conclusion that 

fauna! density, $pecies richness, and diversity were low at Stations Bl and 

B2, compared: -with other s a m p l i n g s i tes . Never the less , the data are 

extremely variable (e.g., diversity and evenness each range from 0 to 1.0 in 

samples from Static^ B2)» Wuch of this variat ion may be due to the small 

sample size employed by the applicant, which may have precluded quantitative 

est imates of bentMc parameters at some stat ions (see above , Sampl ing 

Procedures). Moreover, the- applicant has not determined the statistical 

significance of the observed differences among stations in faunal density, 

species richness, diversity, and ev-enness. Because the applicant has not 

supplied complete sort ing records., th-e stat ist ical signif icance of these 

differences cannot be determined a-s part of this evaluation. 

The applicant reports that Q-mode cluster analysis was performed using 

all 60 replicates as units in a dendrogram* A second, simplified dendrogram 

of 20 units was created using only the first replicate at each station. The 

applicant states that "Comparison of the two dendrograms revealed that all 

stations appeared in the same orientation." Because only the simplified 

dendrogram is provided in the appl icat ion, the applicant's statement cannot 

be ver i f ied. Fu r the rmore , the m e a n i n g of the phrase " in the same 

orientation" is unclear. 
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As part of this evaluation, examination of data in Table XI-5 of the 

application revealed that the first replicate samples during the May survey 

included from 28 to 73 percent of the total number of species sampled by 

three replicates. This indicates that a single 0 .04m- - (0.43 ft2) sample 

may be inadequate for determinat ion of spec ies composit ion, species 

richness, -aoti otfcer ana lyses (e.g., c luster ana l ys i s ) dependent on these 

parameters. 

The coincidence of results from the app l i can t ' s 60-unit and 20-unit 

cluster analyses may be an a r t i f a c t of the small sample s ize and the 

procedure used by the .applicant to eliminate rare species from the analyses. 

Also, recall that the appl icant does not indicate the cri teria used to 

exclude rare species from the Q-mad« analysis. Examination of Table XI-10 

and Figure XI-5 of the application supports the appl icant 's statement that 

species occurring in less than 10 percent of the samples were eliminated 

from the R-mode cluster analyses. It was determined earl ier that this 

procedure could possibly bias analytical results (see above, Statistical 

Analyses). 

The results of the Q-mode analysis for the first repl icate at each 

station are shown in Figure 22. Three major clusters, designated here as 

Clusters I, II, and III, are evident in Figure 22. The ap»3fcant notes that 

Cluster I cons is ts of "...a homogeneous group of stations occupying the 

deeper of fshore sections of the study area. . .Th is group includes the 

proposed outfall location at Stations [sic] B8, as wet I as the control, 

Station 819." With the exception of Stat ion B4, Cluster [I was considered 
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REFERENCE: FIGURE XI-4, NEW BEDFORD 301(h) APPLICATION, 1179


Figure 22. Q-mode cluster dendrogram resulting from the

first replicate from each macrobenthos station

sampled on August 14 - 17, 1979, New Bedford

treatment plant, MA.
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by the applicant to represent a group of stations located inshore of a line 

between Wilbur and Round Hill Points, which c losely approximates the 9-m 

(30-ft) contour< Cluster III was defined by the applicant as: 

"The two stations in the immediate vicinity of the applicant's 

outfa-H* stations Bl and B2.. .Stat ist ical ly this grouping is 

directly related to the proximity of the outfall Based upon 

their location inshore from the 30' contour these stations would 

be expected to clu-ste-f with the second (inshore) large group if 

the resident fauna were in their natural state." 

A dendrogram based on an inverse (R-mode) c luster analysis of those 

species occurring in at least 10 percent of the replicates was produced and 

presented in the applicant's biological assessment. Only 33 species of the 

106 species col lected during Augvs-t, 1979, sa t i s f ied the 10 percent 

criterion. The applicant state-s that because this dendrogram is "...more 

diffuse and difficult to interpret than the corresponding Q-Mode analysis," 

the groupings were subjected to nodal analysis, *...a technique which al lows 

the integration of Q-Mode and R-Mode cluster -analyses into a single figure." 

From the nodal analysis, the appl icant concludes that the grouping of 

the outfall Stations 81 and B2 in the Q-mode cluster analysis is probably 

due more to the lack of a "discernable faunal assemblage" then to shared 

species. In a discussion of sediment composition, howeve-r, the applicant's 

comments contradict this conclusion: 
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"...the stations immediately adjacent to the outfall (Stations 

81 and 82) exhibit grossly different sediments (4.51% vs 33.74% 

stilt-c^-ay) yet share a common fauna. This indicates that the 

pr-fmary controlling factor for the fauna is not substratum, but 

rather the tfce [sic] proximity of the outfall." 

Accord ing to the appl icant, both the R-mode c luster ing and nodal 

analyses identified tn-e characteristic Nucula proxima - Nephtys incisa 

assemblage which occurs at stations deeper than 9.1 m (30 ft). Another 

group, characteristic of shallower harbor areas, was attributed to the 

presence of Crepidula. species and associated organisms such as the barnacle 

Balanus amphitrite, the scale worm Lepidonotos sublevis, and the parasitic 

gastropod Odostomia seminuda. Tbo$-e stat ions located at the periphery of 

the outer harbor in a more sandy- area than other stat ions in the inshore 

cluster (II) were considered t*> form a "somewhat d iscrete subgroup," 

apparently related to an increased abundance of the bivalve Solemya velum, 

an ostracod, and the po lychaete worms Lumbr in e r i s tenuis, Ar ic idea 

jeffreysii, and Diopatra cuprea. 

Table 29 is a summary of benthic a s s e m b l a g e  s in the study area 

according to the applicant. Note that the polychaete Nereis succinea, which 

is the sole dominant at Stations 81 and 82, is not considered: a dominant or 

subdominant at o f f s h o r e  , i n s h o r e , or n e a r s h o r  e stat ions. In their 

literature review, Pearson and Rosenberg (1978) document that the polychaete 

worm Nereis (= Neanthes ) su c c i n e a is c o n s i d e r e  d an opportunist ic or 

pollution-tolerant species in the northeastern United States, although it 
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may not be so throughout its entire zoobiogeographic range. Its occurrence 

as the only dominant spec ies at Stat ions 31 and B2 strongly supports the 

applicant/* conclusion that proximity of the outfall is the primary factor 

controlling benthlc community structure at Stations Bl and 82. 

The applicant compares species richness, density, and diversity at the 

stations "immediately adjacent to the outfall (Stations Bl and B2) with 

values measured at the Snsftore station cluster (B4, B6, Bll, B12, B13, and 

B14) excluding the ne-arsJio-re sandy substrate group (B5, BIO, and B16). The 

appl icant reports that a Mann-Whitney U-test showed that the "outfal l 

stations" exhibited 3ower values than the inshore stations for species 

richness (P < 0.001), density (P < 0.001), ana diversity (P < 0.01). The 

applicant concludes that the "...discharge has resulted in a disruption of 

normal biological act iv i ty in the benthos immediately adjacent to the 

outfall locations" but notes that this "zone of biological disruption does 

not extend as far as the next closest station (Station 815), 640 m southeast 

of the outfall...." The appl icant further states that the primary outfall 

impact is a limitation of "secondary productivity11' rn an area of at least 25 

m (82 ft) but less than 640 m (2,100 ft) from the outfall. Note that the 

appl icant  is p robab ly re fer r ing to s tand ing s t o c k  , not "secondary 

productivity," here. Secondary product ivi ty of benthic infauna was not 

measured during the 1979 surveys. 

Ignoring for the moment problems of study design and stat is t ical 

analysis, much of the a p p l i c a n t '  s interpretation of th$ benthic infaunal 

data appears reasonable. However, because detai led records of species 
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counts in individual replicate samples are not provided in the application, 

neither the applicant's calculations nor the assessment of dominant species 

for each station cluster (Table 29) can be verified. £s discussed earlier 

in this evaluation, limitations of study design, sampling procedures, and 

statist-feat analyses render the applicant's conclusions tenuous at best. 

The applicant has not clearly defined a BIP of bentiic infauna for the 

outfal l a rea . ATtfttftfgft tbe a p p l i c a n  t m a k e s a d i s t i nc t i on between 

communities "near" tne outfall (Stations Bl and B2) and other communities in 

inshore areas based on cluster analys is, those inshore communities are not 

necessarily representative of a benthic BIP. Also, the irifaunal communities 

at Nasketucket Bay (S ta t i ons 17 and 18, w h i c h are soss ib ly the best 

available reference sites for the existing discharge) were more similar to 

deep-water communities than in$h-ore. sites according to the appl icant 's 

cluster analysis (Figure 22). in discussing the sampl ing locations, the 

applicant designates Station" 17 in Nasketucket Bay as a control for the 

discharge area. Dominant components of the BIP at this site probably 

include Nucula proxima and Nephtys incfsa. (Table 29) . In presenting the 

results of cluster analyses, however, tire applicant indicates that Stations 

Bl and 82 would be expected to cluster with the inshore group of stations 

"...if the resident fauna were in their natural state." 

Evaluation of Speci f ic Biological Perturbat ions—Certain biological 

perturbations are not permitted within the ZID of an ocean discharger. 

Applicable to the benthos are restrict ions on the destruction of special 

habitats of limited distr ibution, the presence of disease epicenters, and 
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the presence of extreme adverse i m p a c t s . As far as is known , no special 

habitats of l imi ted d i s t r ibu t ion are located w i t h i n the Z I D of the exis t ing 

discharge. As-discussed p r ev ious ly , however , it is ques t ionable whether or 

not the applicant sampled b e n t h i c i n f a u n a w i t h i n the Z I D . In any case, 

Stations 81 and B2 were at least close enough to the exis t ing outfal l to 

possibly indicate adverse impac ts caused by the d i scha rge . Although the 

app l i can t ' s s a m p l i n g and data a n a l y s i s i s somewhat w e a k , the conclusions 

based on the 1979 be-nthfc Surveys suggest tha t the ex i s t ing discharge has 

caused major al terations of c o m m u n i t y s t ruc ture and species composition 

wi th in the ZID and possibly beyond the ZID. 

Some stat ion-specif ic da ta on species c o m p o s i t i o n of benthic i n f a u n a 

a r e p r o v i d e d i n t h e a p p l i c a t i o n . T h e a p p l i c a n  t l i s t s d o m i n a n t a n d 

subdominant species for the station groups i d e n t i f i e d by cluster analysis 

(Table 29) and major species groups- are- associated wi th collection sites by 

nodal analysis ( F i g u r e XI-6 erf the a p p l i c a t i o n ) . However , both of these 

analyses include only 33 of the 106 species collected by the applicant in 

the August , 1979, survey. Species restricted to ori6 or a few s a m p l i n g sites 

are excluded from those analyses. More compete data are a v a i l a b l e only for 

a l imi ted number of stations ( i n c l u d i n g Station Bl ) sampled d u r i n g the May, 

1979, survey. 

In the B i o l o g i c a l C o n d i t i o n s Summary, the appl icant m a i n t a i n s that 

Nereis succinea and Diopatra cuprea are the major species near the o u t f a l l . 

Nereis  (= Neanthes) succinea is cons ide red i n d i c a t i v e of organic p o l l u t i o n 

by Pearson and Rosenberg (1978). S t r e b l o s p i o benedict i , wh ich was found in 
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two of the three samples t a k e n at S t a t i on Bl d u r i n  g the August survey, is 

also regarded as a species i n d i c a t i v  e of o r g a n i c p o l l u t i o n (see references 

in Pearson-aad Rosenberg 1978). C a p i t e l l a c a p i t a t a , a species commonly 

associated with sewage pol lu t ion (Pearson and Rosenberg 1978), was collected 

in one -of the three samples taken at Station 81 du r ing May, 1979. From the 

applicant's. TabTs XI-5, C a p i t e l l a cap i ta ta did not appear to dominate the 

community at Station Bl. N e v e r t h e l e s s , in response to Question 7-5 of the 

Biological Assessment Questionnaire, the appl ican t indica tes that: 

"Benthic communities w i t h i n the Z I D and immedia te ly beyond the 

2ID (25  m ) we-r-e dominated by the o p p o r t u n i s t i c po lychae tes 

Capi te l la capitata and Nereis succinea, respective!/." 

It is u n c l e a r on what bas i s the a p p l i c a n t cons ide r s £. c a p i t a t a as a 

dominant species near the existin-g outfall. 

Kel ly (1978; Table XI-8 of the application) documented the dominance of 

C a p i t e l l i d a e ( p o s s i b l y M e d i o m a s t u s at>d7<?r Cap i te l l a ) a t v a r i o u  s s i tes 

throughout the New Bedford a rea . Al though K e l l y (1978) did not iden t i fy 

polychaetes in his samples to species , M e d i o m a s t u s ambiseta and C a p i t e l l a 

capitata are both known to occur in the s tudy area (see Table X I - 5 of the 

a p p l i c a t i o n ) . Med iomas tu s amb i se t a appea r s to be. a- dominant species at 

Stations 83, 84, and 86 according to the a p p l i c a n t ' s May, 1979, survey 

(Table XI-5 of the app l ica t ion) . 
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M. ambiseta is considered dominant in areas of organic oozes, abundant 

with Capitel la and Polydora on the edges of afaunal a reas , and dominant 

together ttittt ttephtys in less polluted areas (see references in Pearson and 

Rosenbe/rg 1973). On the other hand, _M. ambi seta was found in only 10 

percent of the samples during the August, 1979, survey (Table XI-10 of the 

application^, an<i it was absent from samples taken at Station Bl during both 

the May and August, 1979, surveys. M_. ambiseta, Capitella, or Polydora were 

not found in high abundant$s indicative of excessive organic enrichment. 

In summary, the -dominance of opportunistic polychaete worms (especially 

Nereis succinea) ami the low species richness, species diversity, and fauna! 

density observed at Stat ions Bl and B2 suggest that benthic infaunal 

communities near the e x i s t i n  g d ischarge may be beyond the "peak of 

opportunists" assoc ia ted with a-n £Twi ronmental gradient of increasing 

organic enrichment (see Figure 23 and Pearson and Rosenberg 1978). The 

areal extent of perturbations caused by the ex is t ing discharge cannot be 

determined precisely because only two stations within several hundred meters 

of the outfall were sampled. 

BIP Predictions (Proposed Outfall)-»The applicant indicates that 

"...the extent of the impact for the improved discharge would be 

limited to the area within the ZID." 

and 

"A transitional zone, which may exhibi t enhanced productivity 

due to organic enrichment, may a l so be found. However, no 
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INCREASING. ORGANIC INPUT 

S = Species numbers 
A = Total abundance 
B = Total biomass 
PO = Peak of opportunists 
E = Ecotone point 
TR = Transition zone 

From Pearson & Rosenberg, 1978. 

Figure 23. Generalized species number, abundance, and 
biomass diagram showing changes along a gradient 
of organic enrichment (New Bedford, M A )  . 
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adverse impact on benthic populations beyond the ZID would be 

expected." 

The appHcant a?sa states that relocation of the outfall "could result in 

the loss, of a snw-H amount of the indigenous Nucula-Nephtys community...." 

Based on a prediction of enhanced dilution effects at the proposed discharge 

site relative to the ex is t ing d ischarge a rea , the applicant expects 

sedimentation rates of suspended solids from the discharge to be less than 

natural rates of sediment d-eposition. The applicant elaborates upon this 

v iew in the response to Ques t i on 7-13 of the B io log ica l Assessment 

Questionnaire. 

The applicant's assessment of the ef fects of the proposed discharge is 

based on: 1) observed impacts of the ex is t ing d ischarge, 2) predicted 

initial di lut ions for the prO^o-s^d d i s c h a r g e  , 3) ocean c i rculat ion 

characteristics at both discharge sites, 4) expected sedimentation rates, 

and 5) impacts of a "similar" discharge at Point Loma, California. Earlier 

in this evaluation it was determined that the applicant's interpretation of 

the benthic survey data was reasonable with- rs-spect to assessing impacts of 

the existing discharge. Nevertheless, the app l i can t ' s assessment must be 

considered tentative because of l imitat ions of sampl ing and study design 

associated with the 1979 benthic survey. 

The critical average initial dilution for the proposed outfall reported 

by the applicant is 76 to 1. Under "wors t -case" con-ditions, the initial 

dilution calculated as part of this evaluat ion is 60 to 1 for an effluent 

flow of 2.2 m3/sec (50.0 MGD) (see above, Part 8, Section 1). 
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The applicant provides no theoretical or empirical basis for predicting 

that art increase in initial dilution wil l result in a reduction of impacts 

on bentft>c infauna. Sewage discharges general ly af fect marine benthic 

communities by ca-ttsing an increase in the amount of organic material or 

toxic s-ufestan<£$ in the sediments near the outfall. Although initial 

dilution may be one factor a f fec t ing loca l i zed sol ids accumulation, other 

factors such as current s.peed and the degree of wave-induced resuspension 

could be expected to have ma-jor inf luences on sol ids deposition rate per 

unit area and net Solids accumulation. High initial dilution in conjunction 

with an overall offs-hore tr4fl$port do not in themselves ensure that benthic 

effects will be negligible. Experience at southern Cali fornia outfalls has 

revealed relatively large areas [up to 8.3 km2 (3.2mi2)] as having highly 

modified benthic communities abound: discharges with initial dilutions 

ranging from 100-300 to 1 (Mearns and Word, in press). 

The app l i can t ' s assessment of water circulation at the proposed 

discharge site is l imited to an oceanograpf i fc study of about 1 month 

duration in July and August , 1979. The applicant does not present a 

detailed discussion of the fate of sewage effluents in the farfield and the 

plume dynamics which could be expected from current measurements made during 

the oceanographic study (see above, Part B, Section !}„ 

The applicant's prediction that sedimentation rates of waste solids 

will be less than natural sediment deposition rates is unsubstantiated. The 

applicant fails to compare the so l ids deposi t ion rates predicted for the 
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proposed discharge with ambient sediment deposition rates. Even if the


applicant's assertion concerning relative rates of anthropogenic and natural


sediment deposition is correct, there is no evidence to suggest that the


resulting impacts on the benthic community would be minimal. In some


instances^ deposition of sewage solids at rates less than natural sediment


deposition rates could cause adverse impacts on benthic communities.


Moreover, the quality as well as the quantity of sediment deposited on the


bottom will determine the character of biological communities near the


proposed outfall.


Finally, the applicant -does not provide data on the effects of similar


outfalls along the New England coast with the predicted influence of the


proposed outfall. Instead, the applicant predicts that the proposed


discharge will have no adverse impacts on the BIP of benthic infauna beyond


the ZID, based on Bascom et aK (1978) failure to detect degraded areas


around the Point Loma (California) outfall. The comparison of the New


Bedford proposed discharge with the Point Loma discharge by the applicant is


herein considered inappropriate. The two- discharges differ greatly not only


in their effluent flow rates, but also >fi their chemical composition. The


New Bedford proposed outfall is designed for an effluent flow of 1.31 m3/sec


(30 MGD), whereas the Point Loma outfall presently discharges at an average


rate of about 5.3 m3/sec (120 MGD). Industrial -waste-waters account for


about 27 percent of the New Bedford discharge, but on}y- 7.5 percent of the


San Diego discharge. Although the applicant claims tttat the two outfalls


are located at approximately the same water depth, the- Point Loma outfall


discharges at 61 m (200 ft), whereas the New Bedford proposed outfall will
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discharge at about 16.7 m (55 ft). Moreover, shore l ine topography and 

hydrographic conditions at the two discharge sites differ substantially. 

The two outfalls are also located in entirely different biogeographic zones, 

each with unique faunistic character is t ics. Biological communities at the 

Point LOna site comprise many component species different from those found 

in the Ite* Bedford area. 

Regardless of tfte -above -objections to the applicant's comparison of the 

Point Loma discharge with tfee proposed New Bedford discharge, the finding of 

"no degraded area" at Poiat Loma is poss ib l y m is lead ing . First, the 

applicant does not define "degraded". This term has been appl ied to a 

specific range of Infaunal Trophic Index (ITI) values (ITI = 0-30) by SCCWRP 

workers. Word and Mearns (1979) defined control ITI values for the large 

southern California out fa l ls to b-e in the range of 69 to 98.3. However, 

Bascom (1978) found ITI values b$t>ve6D 30 and 60 at the Point Loma discharge 

site. These ITI values indicate "charrged" conditions (Bascom 1978) and are 

indicat ive of substantial modi f icat ions in infaunal trophic structure 

resulting from the discharge of sewage effluents. 

Although a q u a n t i t a t i v  e re lat ion be tween in i t ia l di lut ions or 

sedimentation rates and impacts on benthic communities cannot be postulated 

at this time, it seems likely that impacts on benthfc infsmna caused by the 

proposed New Bedford discharge will be less than the preset effects of the 

app l i can t ' s ex is t ing d i s c h a r g e  . Upgrad ing to primary treatment and 

relocation of the outfall of fshore should improve wastewater quality and 

dispersion. Based on available data, it is impossible, however, to reliably 
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predict whether or not the proposed improvement wi l l el iminate adverse 

impacts of the existing discharge. 

Rocky Ifttertidat Assemblages—• 

Study De&lg-ft—On August 27-28, 1979, the applicant sampled two stations 

in the rocky intertidal habitat, one site located directly inshore from the 

existing outfall and -a reference station located on West Island. Fauna! and 

floral composition was- determined along transects in the high-, mid-, and 

low-intertidal zones:-. Species richness and species abundances were measured 

by a quadrat method:. For both macrofauna and algae, community overlap 

values (Jaccard coef f ic ient) were ca lcu la ted for the three tidal-height 

zones. 

Sampling Stat ions and Referen-C-e Area Eva! uat ion--The locat ions of 

sampling stations used for the intertidal survey are shown in Figure 20 and 

21. The applicant does not provide coordinates (latitude and longitude) for 

the stations, although their posit ions are briefly described in the text of 

Appendix XI. Because all intertidal are^S near the existing and proposed 

discharges are beyond the ZIDs of those d i s c h a r g e s  , comparisons of 

within-ZID samples with controls do not apply to the intertidal assemblages. 

The applicant fails to describe the physical-chemical characteristics 

of the sampling areas, e .g . , s u b s t r a t  e t ypes , wave- exposures , solar 

radiation inputs, and distances from pollution sources. These points, among 

o thers , shou ld be c o n s i d e r e  d  i f b e t w e e n - s t a t i o  n s i m i l a r i t i e  s or 
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dissimilarities are to be quantified and discussed. For example, the


position of an ecological zone relative to tidal evaluation may change in


response to a pollutant stress and exposure to differing amounts of solar


radiation may dramatically affect the algal coverage between sites.


Station II appears to be located directly inshore from the existing


outfall, in an appropriate area for assessing the effects of the discharge.


Station II is situated approximately 1.2 km (0.7 mi) north-northwest of the


outfall according to Figure 20. Station 12 is located at Rocky Point on


West Island, approximately 6,7 km (4.2 mi) east-southeast of Station II and


more than 6.2 km (3,8 mi) east-southeast of the existing outfall (Figure


21). Station 12 appears to be remote from major sources of pollution,


including the applicant's existing discharge. Therefore, it is judged to be


an appropriate reference site for evaluating the effects of the discharge.


Note that the particular sampltn-g locations chosen by the applicant within


the general area of Station I? may or may not be suitable as control sites,


depending on local habitat conditions such as substrate type, wave exposure,


and tidal elevation (see below, Sampling Procedures).


Sampling Procedures—At each sampling site, three transects parallel to


the shore line were established in the high-, mid-, and low-intertidal


zones, respectively. Each transect was sampled at three- Ideations using a


0.25 m^ (2.6 ft^) metal-frame quadrat. The applicant indicates that:


"The important environmental factors of tidal elevation, slope,


exposure and substrate type were all considered in the selection
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of the reference area. Only flat rock surfaces were used In 

order to eliminate variabil i ty due to differences in substrate 

charstGteri sties." 

The applicant does not describe locations of transects in terms of the 

"important environmental factors" ment ioned above (except substrate 

inclination as noted). 

The appl icatio-tt a-Ho; fails to describe the methods used to locate 

sampling points along each transect. Subjective choice of sampling points 

by the investigator could bias the results. The positions of sample units 

along a transect are normally determined by randomly choosing the sampling 

locations or by spacing the sarap-1^ positions evenly along the transect 

(Gonor and Kemp 1978). 

The applicant states that: 

"Large or rare faunal specimens wer& counted in the entire 0.25 

m^ area; smaller or more dense specie$ ^e-re enumerated from four 

smal le r s u b q u a d r a t s  . Large m ^ c r o a l g a  e an  d sessi le 

macroinvertebrates were sampled for percent coverage with a 

plexiglass overlay, using a standard random dot method." 

The applicant does not indicate the particular species which were enumerated 

in subquadrats. Data on percent cover of sessile invertebrates is not 

provided in the application. 
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The applicant provides no justification for the sample size used in the 

interti-dal swy^ys. An appropriate sample s ize is generally determined by 

one of two criteria: maximizat ion of the number of species retrieved or 

minimization of the variance of the mean for the parameter in question 

(Gonor And; Kerop 1978). Since the applicant did not provide species counts 

of fauna in the individual replicate samples, the adequacy of fauna! sample 

size with respect to fi-ftfcer the first or the second criterion can not be 

determined here. 

The applicant diodes not provide details of the "standard random dot 

method" used to determine percent cover of macroalgae. Since the number of 

algal species identified by the applicant is extremely limited, it seems 

inappropriate to evaluate the sample s ize based on maximizat ion of the 

number of species collected. As part of this evaluation, the variance of 

percent cover of Fucus vesiculosus was calculated and compared with the mean 

percent cover reported in Tab le X I - 2 2 of. the app l ica t ion . Angular 

transformation of the data was not perf-ornretf by the applicant (see below, 

Statistical Analyses). A transformation wa.$ n*>t applied tc the data as part 

of this evaluation since the var iance dees not appear tc be a function of 

the mean (Table 3 0 )  . Fucus v e s i c u l o s u  s is the only alga for which 

quantitative estimates of abundance were consistently avai lable at most 

sampling l o c a t i o n s  . The v a r i a n c e a s s o c i a t e  d w i th the a p p l i c a n t ' s 

measurements of mean percent cover ranged from 6.2 to 44.1 times the mean 

(Table 30). These values show an extremely high variance associated with 

each measurement of mean percent cover , indicat ing that the applicant's 
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TABLE 30. VARIANCE ASSOCIATED WITH MEAN PERCENT

COVER FOR FUCUS VESICULOSUS


Fucus vesiculosus Percent Cover

Replicate


Station Zone 1 2 3 Mean Variance Variance/Mean 

11 «7gh 20 33 49 34.0 211 6.2 

Mid 32 97 92 73.7 1,308.3 17.8 

Low 59 2 62 54.3 2,396.3 44.1 

12 Higha 
^ *• 

— 
Mid 71 56 24 50.3 576.3 11.4 

Low $2 $1 0 37.7 1,094.3 29.0 

a Quantitative data not collected.


191




sampling procedures were inadequate for determination of percent cover of 

even the most abundant intertidal algae (cf. Conor and Kemp 1978). 

Tax-onami c ftrocedures--The appl icant states that: "Taxonomic sources 

for th-e tntertidal fauna were the same as those for macro fauna l 

benthos..+ T.ayt0r £1957) was the primary reference for macroalgae." The list 

of taxonomic sources used for fauna was evaluated previously (see above, 

Benthic Infauna). Although the taxonomic reference sources used by the 

applicant appear to bs generally acceptable, the identity and qualifications 

of personnel who identified intertidal organisms are not provided in the 

application. From the lists- Of fauna and flora in Tables XI-19 and XI-22 of 

the application, it is apparent that either limited expertise was avai lable 

to the applicant for identification cf intertidal organisms or the scope of 

the survey was limited to only thfc mo$t common, easily identified species. 

Statistical Analyses—The applicant calculated mean density for faunal 

species (extrapolated to numbers/m2) and Hieafl percent :over for the most 

common floral species. The applicant did- not apply any transformation to 

the percent cover data before determining mean cover. Sokal and Rohlf 

(1969) note that an angular transformation is espec ia l l y appropriate for 

percentages when at tempt ing to n o r m a l i z e a data se t . The number of 

replicate observations (three) made by the applicant fn determining percent 

cover is too small for an evaluation of the normality of tie data. Measures 

of variance about the mean were not determined by the applicant. The total 

dens i t ies of o r g a n i s m  s at the two s a m p l i n  g s ta t ions are compared 

statistically, but the specific test is unstated. 
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For both macrofauna and algae, the similarity of assemblages at the two 

sampling stations was measured as community overlap using the Jaccard 

coefficient. This coefficient is an appropriate indicator of community 

similarity (Bo-escti 1977). However , the number of macroalgal species 

quantitatively. $ampled by the applicant was too small for a meaningful 

determination of community similarity. 

BIP Compapisoftf-^fts- noted previously, there are no intertidal habitats 

located within the ZTO of either the existing or the proposed discharge. 

Thus, it is impossible to perform comparisons of intertidal communities 

within the ZID of either d i s c h a r g  e w i t  h a BIP character is t ic of the 

biogeographic zone. The applicant compares intertidal assemblages at a 

station directly inshore from the- existing discharge with those at a control 

site. The studies presented by the- applicant provide a limited assessment 

of impacts on intertidal communfties because: 

1. A l imited number of m a c r o f a u n a l a-nd algal spec ies were 

identified. 

2. The applicant failed to provide deta i ls of faunal sampling 

procedures. 

3. The sampl ing procedures used to determine percent algal 

cover were inadequate for a c c u r a t  e estimation of mean 

percent cover. 
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The dominant species of intertidal fauna collected by the applicant are 

shown in Tab-te'XI-20 of the appl icat ion. The barnacle Balanus balanoides 

was foujrd to ba the dominant animal, compris ing up to 98 percent of the 

fauna with an e$t>mated population of up to 84,526 indi viduals/m^. The 

applicant notes tfoat species composition showed little variation between 

high-, mid-, and low-intertidal zones. For example , six of the seven 

species collected at Station II were considered common to all tidal heights, 

the remaining specie$ being found at both mid and low elevations. At the 

reference Station I2» the applicant found eight species representative of 

the mid and low zones, with four species of the high zone also occurring at 

the other two tidal elevations. 

At Station II, the applicant notes that "Species richness was similar 

at all zones (Table XI-19) and was }ow compared to intsrtidal studies by 

Menge (1976)." Only seven species were identif ied at both the mid and low 

tidal zone, while six were found at the high elevation. Soecies richness at 

Station 12 was found to increase wi th- decreasing t idal e levat ion ; the 

appl icant mentions that th is pa t te r r j is common in New England rocky 

intertidal communities accord ing to Menge (1976) . However, the applicant 

does not present statistical comparisons of spec ies richness values among 

tidal zones or between stat ions. Based on the tow number of intertidal 

species identified and the small var ia t ion of species richness with tidal 

height and s ta t i on l oca t i on ( s e e T a b l e XI-19 of the app l i ca t i on ) , 

s ta t i s t i ca l l y s i gn i f i can t d i f f e r e n c e  s p robab ly dcv no t e x i s t fo r 

between-station or among-zone comparisons. 
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In contrast to species richness patterns, the applicant found that the 

total density Q'f animals at Station II was significantly less than the total 

density observed at S ta t i on 12 "due to more abundant populat ions of 

—• balartoides" (P < 0.05; s tat is t ica l test unstated). The applicant 

suggest$ £bat njore abundant Urosal pinx populat ions at Stat ion II were 

responsible for the lesser numbers of barnacles compared with the control 

site. Since the applicant reportedly observed this carnivorous gastropod in 

dense aggregations over i>$rnacle patches containing many dead individuals, 

this hypothesis seeto$ to be- a reasonable explanation of the discrepancy in 

barnacle abundance between stations. The applicant presumably counted only 

live barnacles and no data on ratio of l ive to dead barnacles at the two 

sites are provided in the application. 

The similarity of the intertidal fauna at the two stations is shown in 

Table 31. The results in Tabt'e 31 indicated to the applicant that "values 
» 

were moderate for high and low station compar isons and low for mid 

sites...." 

According to the appl icant , "Algal species dominance and community 

structure were found to be highly similar at S ta t i ons II and 12." The 

applicant cites the station overlap values for macro-algse (shown in Table 

31) in support of this assertion. However, so few sp-ecies of algae were 

identified during the app l i can t ' s survey that calculat ion of the Jaccard 

coefficient for such data has little meaning. 
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TABLE 31. COMMUNITY OVERLAP BETWEEN

STATIONS FOR INTERTIDAL MACROFAUNA AND ALGAE


Organisms Tidal Zone 
Stations 11 and 12 

Jaccard Coefficient (%) 
Number of Species 

in Common 

Macrofauflct High 57.14 4a 

Mid 41.67 5a 

Law . . 58.33 7a 

Macroalgae Hitfh 50.00 1 

Mid 75.00 3 

Low 75.00 3 

Calculated as part of this evaluation.


Reference: Tables XI-21 and XI-23 of New Bedford 301(h) apolication.
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The applicant found that the brown alga Fucus vesiculosus was dominant


at all tidal heights at both sampling sites. No other macroalgae were found


at either site* and only three other taxa consisting of red and brown


crustos« algae and a single species of marine lichen were identified.


From-the tnle-rtidal data, the applicant concludes that:


"The above data show no. essential differences between stations


in species composition* species dominance, species numbers, and


community overlap. A?T differences were minimal and well within


the expected range for any two sites selected in the northeast


coastal region (Taylor, 1957). No perturbation by the New


Bedford outfall is in evidence at either II or 12, nor is any


predicted from the proposed improved discharge."


Although the intertidal data appear to support the conclusion reached


by the applicant, limitations of study design and sampling procedures


discussed previously render this conclusion extremely tenuous. Based on the


information provided by the applicant, a -definitive assessment of impacts on


intertidal assemblages caused by the existing discharge is impossible.


BIP Predictions (Proposed Outfall)--The applicant daes not discuss the


possible effects of the proposed discharge on intertidal communities. Based


on an assessment that the existing discharges does not cause impacts on


intertidal communities, the applicant predicts that the- proposed discharge


will cause no perturbations of intertidal fauna and flora. However, the
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conclusions reached by the a p p l i c a n t r e g a r d i n g the impact of the exis t ing 

o u t f a l l a re ext remely t e n u o u s b e c a u s e o f l i m i t a t i o n s o f study de s ign 

discussed previously. T h e r e f o r e , the a p p l i c a n t ' s p r e d i c t i o n that the 

proposed outfat} wil l generate no adverse effects on intert idal communities 

is also idfiak. 

Fishes--

General Study &e-sig:tw-The New Bedford, Massachusetts, 301(h)


application is bassd upon an improved, relocated, ocean outfall. The


applicant conducted a 1-day- $urvey for fishes in New Bedford Outer Harbor


and Nasketucket Bay on August 15, 1979. Otter trawl sampling was conducted


at four stations (see Figures 20, 21). Station F5 included the area within


and immediately beyond the ZID- of the existing discharge. The existing


outfall ZID is a circle with a f-achus -of 8.8 m (29 ft). It is likely that


the otter trawl used by the applicant collected fishes both within and


beyond the ZID. Because the applicant did not indicate towing speed, the


actual area sampled cannot be determined* Therefore, it is not possible to


compare the within-ZID fish community with ths one occurring immediately


beyond the ZID. Water depths at Station F5 range from 8.5 to 8.8 m (28 to


29 ft) at mean low water (MLW) with a substrate characterized as silty sand


(see Table 27).


Trawl Station F14 is located beyond the ZID of the existing outfall in


the vicinity of the proposed discharge, according to the applicant. This


trawl station is approximately 1.2 km (0.8 mi) northwes" of the proposed
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outfall site (Figure A-2 of the application). However, it is possible that


Station F14 may be closer to the proposed location when the outfall is


actually constructed. The precise location for the proposed outfall awaits


further data analysis on ocean bathymetry and substrate composition.


Water depth- at Station F14 ranges from 8 to 13 m (27 to 43 ft) at MLW


(Buzzards Bay, Chart 13230). At the proposed outfall location, water depth


appears to be approximately 13 m (43 ft). Although the trawl appears to


have sampled only a Sflia}} -ar«a in water depths less than 13 m (43 ft), the


fish collection may be biased by the incorporation of shallow-water [i.e., 8


m (27 ft)] species*. Oviatt and Nixon (1973) noted that fish distribution


was influenced by water depth in Narragansett Bay, Rhode Island, a system


somewhat similar to New Bedford Outer Harbor.


Substrate composition at Station F14 is described as sandy silt (see


Table 27). The applicant did not indicate whether a similar substrate


exists at the proposed outfall site. . .


The wide depth zone sampled at F14, the relatively long distance from


the proposed outfall, and the lack of outfall sediment data preclude a


determination that fishes collected at F14 are representative of those


occurring at the proposed site.


Station Fll, located inside Nasketucket Bay, is designated as a control


fish trawl site for the existing discharge. Water depth at Station Fll


ranges from 6 to 8 m (20 to 26 ft) at MLW (Buzzards Bay, Chart 13230)
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slightly shallower than the depth at the existing discharge Station F5


[i.e., 8.5 to 8.8 m (28 to 29 ft) at MLW], Substrate composition is not


described by the applicant other than noting that fine sand was present at


Fll. However, based on the depth criterion, this station appears to be an


adequate control for the existing discharge.


The fish trawl control station for the proposed outfall, F15, is


located in Nasketuelcet Sa# in- a water depth of approximately 13 m (43 ft) at


MLW (Buzzards Bay, Chart 13230). Substrate composition at Station F15 is


not characterized by the applicant. In general, Station F15 appears to be a


reasonable control site for Station F14 except for the fact that a portion


of the fish trawl at the latter site was conducted in water as shallow as 8


m (27 ft).


Sampling Procedures—The applicant collected fishes using a 4-m (14-ft)


semi-balloon otter trawl equipped with weighted oak doors measuring 0.3 by


0.6 m (1 by 2 ft). Body net stretched mesfc measured 5 cm (2 in) with a cod


end liner stretched mesh of 0.64 cm (0.25 irr). The trawl foot rope


consisted of 4.8-mm (0.2-in) chain. The he-ight of the head rope with the


attached trawl net was estimated to be 1,5 fa (5 ft). After undergoing trial


tows, a scope ratio of 4:1 proved to be the optimal setting. The otter


trawl was towed for 15 minutes at each sampling location. The applicant


does not indicate towing speed; thus the area covered by tfte trawl cannot be


reasonably estimated. In general, the trawl gear and procedures employed by


the applicant conform to the standards suggested by Mearns and Allen (1978)


for coastal biological surveys.
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Large fish specimens were identif ied, enumerated, weighed, and their 

lengths were measured in the field. Small individuals and fishes requiring 

further identification were preserved and returned to the laboratory for 

analysis. All collected fishes were examined for necrotic areas. 

Fish identifications were based upon Bigelow and Schroeder (1953), 

Musick (1973), and ThOia$on et al. (1971). These are appropriate references 

for Massachusetts coastal fishes. 

Statistical Analyses—The applicant states that classification analysis 

was performed on demersal fish data. However, no statistical analyses of 

any type were presented in the application concerning fishes. The extremely 

limited f ish data base compiled: by the appl icant precludes performing 

meaningful statistical analyses.. 

BIP Comparisons—During the 1-day survey in August, 1979, the applicant 

collected 1,429 f ishes representing six s-p-ecies. Al though the applicant 

indicates that length and weight data were recorded for the specimens, the 

information is not presented in the application. 

The largest number of f ish (n = 1,322), consisting of only a single 

species (scup, Stenotomus chrysops), was collected at the existing discharge 

Station F5. At the existing discharge control station, Fll, 10 individuals 

were collected: 1 northern p ipe f i sh (Syngnathus fuscus) and 9 scup. 

Station F14, in the vicinity of the proposed ou t fa l l , a lso produced two 
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species: 21 scup and a single cunner (Tautogolabrus adspersus). Four fish 

species were collected at Station F15, the proposed ou;fall control site. 

Scup again dcreifiated the c a t c h at th is s ta t i on w i t  h 45 indiv iduals 

collected. The remain ing f i she  s inc luded 17 bu t te r f i sh (Pepri lus 

triacanthus) 2 b-tack sea bass (Centropr ist is s t r ia ta) , and 1 red hake 

(Urpphyeis cfrussK 

With respect to- an-ddr<&n$us species, the applicant notes that alewives 

(A losa pseudoharengtfs)- annually migrate up the Acushnet River via New 

Bedford Harbor. Re±>a<k antf Qicarlo (1970) indicate that the river is highly 

polluted for most of tts len-gth through New Bedford, but alewives continue 

to utilize the system. 

The applicant briefly discusses the megafaunal invertebrates which were 

collected with fishes during the travel survey. Among the four stations, 24 

invertebrate species occurred; "however, few individuals of any species were 

collected. The b iva lve , Yold ia limatula, was the most abundant species 

sampled with only 11 individuals occurring -at Station F15. 

Given the limited data, it is difficult to determire if the existing 

discharge has adversely impacted the megafaunal invertebrate community. 

However, the trawl at the existing discharge station F$ co-Jlected the fewest 

invertebrate taxa (n = 3) and individuals (n = 5) in- -comparison to the 

remaining three trawl stat ions. A c c o r d i n g to the appl icant, this is 

consistent with the trend observed for benthic infauna at the existing 

discharge stations. 

202 



Little information concerning the indigenous fish fauna in the vicinity 

of the existing or proposed outfal ls is ava i l ab l e from the limited survey 

conducted by the applicant. The applicant notes that scup were common to 

all the- stations.3 although "migration and school ing behavior of the scup 

make it an- extremely difficult f ish to use for environmental assessment." 

Bigelow and Schroeder (1953, p. 413) indicate that this species is a bottom 

feeder and d isp lay? hjgnly local ized distr ibutions over smooth to rocky 

bot toms. Scup typical ly m ig ra te into c o a s t a l w a t e r s  in southern 

Massachusetts during early May and depart to more southerly waters off 

Virginia and North: Carolina in October. The species spawns from May to 

August, but primarily in June in southern New England (Bigelow and Schroeder 

1953, p. 414). 

The appl icant does not $ugg$-$-t an exp lana t ion for the la rge 

concentration of scup at the existing discharge Station F5. It is possible 

that the trawl by chance sampled a school of scup t ravel ing through the 

existing discharge area. Another possibility Is that the fish are attracted 

to the exist ing outfall to feed on discharged part iculate matter or on 

benthic prey i tems. Adu l t scup prey on c r u s t a c e a n  s (par t i cu la r ly 

amphipods) , annel id worms, hyd ro i ds , and other benthic inver tebrates 

(Bigelow and Schroeder 1953, p. 413). Juveniles fe6d an cop«pods and other 

small crustacens (B ige low and Schroeder 1953, p. 413), Oviatt and Nixon 

(1973) report that shrimp (Crangon spp . ) , amphipods, a«d squid were common 

food items in stomachs of scup col lected in Narragansett Bay. Therefore, 

being an opportunistic feeder, scup may be foraging on the polychaetes 

203




Capitella capitata and Nereis succinea, which dominate the benthic community 

within the ZID of the ex is t ing d i s c h a r g e  , or on other invertebrates. 

Additional iflfrfcstigation is required to determine if (;cup or other fish 

species are attracted to the existing outfall. 

The applicant discusses the f ish surveys conducted by Hoff and Ibara 

(1977) in the Slocum River estuary south of New Bedford. The average depth 

of this estuary is 2-2 «i (7.2 ft) and sal ini t ies range from below 4 ppt to 

above 28 ppt (Hoff ami Ibara 1977). The applicant suggests that a similar 

fish fauna would be found ifl New Bedford Outer Harbor and presents a list of 

species collected by Hoff artd Ibara (1977). Whi le four of the six species 

(i.e., northern pipefish, scup, cunner , butterfish) col lected by the 

applicant appear on the list, it Is unlikely that the Slocum estuary fish 

fauna is representative of that occurring in New Bedford Harbor, given the 

environmental differences betwe-err tfte- two areas (i.e., salinity, depth). 

For example, the dominant spectes collected in the estuary by Hoff and Ibara 

(1977) during the 2-yr study included mimqnchxDg. (Fundu 'us heteroclitus, 

At lant ic s i lvers ide (Menidia menid ia}» fourspfrre s t i ck leback (Ape ! tes 

quadracus), str iped ki l l i f ish (Fundulus majal is) and sheepshead minnow 

(Cyprinodon variegatus). These are typical New England estuarine species 

which are unlikely to dominate an open bay environment such as New Bedford 

Harbor. 

A more appropriate reference with which to compare the New Bedford fish 

fauna is the study conducted by Oviatt and Nixon (1973) in- Narragansett Bay, 

Rhode Island. Scup, butterfish, red hake, and cunner were cimong the 10 most 
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abundant species collected between June, 1971, and May, 1972. Scup and


butterfish were sampled only in the summer and both displayed strong


schooling behavior.


Lu-x snd Nichy (1971) reviewed fish trawl data collected during


September, 136L, to December, 1962, in Great Harbor, near Woods Hole,


Massachusetts, southeast of New Bedford across Buzzards Bay. All six


species collected by the applicant were also recorded in Great Harbor.


Other similarities are also- apparent between the two studies. For example,


the greatest number o-f scu-p and pipefish were collected during August and


September in Great Harbor. Red hake, black sea bass, butterfish, and cunner


also occurred predominantly during the late summer and early fall months.


Therefore, although the applicant^ Survey was extremely limited, it appears


that the species which were collected: are representative of the indigenous


southern coastal Massachusetts fish fayrta during August.


In summary, given the limited scope of the demersal and pelagic fish


study conducted by the applicant, only genera?, qualitative assessments may


be made regarding species composition, abundance, dominance, and diversity


of the fish community in New Bedford Harbor. The applicant agrees, stating


"Based on the limited fish data no conclusions can be drawn in regard to


species at the various stations." The 1-day survey in .August, 1979, cannot


be employed to elucidate in detail the spatial and tempo-rat distributions of


the major fish species. The trawl data are not sufficient to permit a


quantitative assessment of fish stocks in New Bedford Harbor. Data on fish


growth, reproduction, trophic structure, and productivity patterns are not
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reported by the applicant. Therefore, given the l imitat ions of the fish 

survey conducted by the applicant, an adequate assessment of the existing 

outfall impacts and the potential ef fects of the proposed outfall on the 

indigenous fish community cannot be made. 

Fish ftrsgase--No evidence of f ish d isease was apparent on any of the 

1,429 fish collected by the applicant during August, 1979. Fish disease has 

not been previously recorded in New Bedford Harbora. 

Mass mortalities of menhaden (Brevoortia tyrannus) have occurred inside 

the hurricane barrier of ttve> harbor during 1976, 1977, and 1978a. Such 

kills were also reported in several Massachusetts coastal areas; however, no 

specific cause has been identified. 

Based on these data, the existing outfall does not appear to be a 

disease epicenter for fish. It is reasonable to assume t;hat with improved 

effluent treatment and relocation of the outfal l , f ish d isease will not 

increase. 

Commercial and Recreational Fisheries—The applicant presents a brief 

discussion of commercial and recreational fisheries in the New Bedford area. 

a Personal communication (phone) on September 8, 1981, by Mr. M. Griben with 

Andrew Kolek, Massachusetts Division of Marine Fisheries, Scindwich, MA. 
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The harbor supports a f ishing fleet of over 150 vesse l s , which in 1976 

landed over 28 mil l ion kg (63 mi l l ion Ib) of f ish valued at $39 million. 

However,, no. commercial finfisheries are conducted in New Bedford Harbor or 

Buzzards 8£y because net fishing there is prohibited3. 

Lofcstsr Qfomarus americanus) historical ly supported an important local 

fishery. Fifty commercial lobstermen used to set pots in the New Bedford 

Harbor area. The value- of the 1977 commercial harvest exceeded $125,000 

(Kolek and Ceurvels 1983}„ 

The applicant Indicates that popular sport fishes in New Bedford Outer 

Harbor include bluefish (Pomatomus saltatrix), scup, striped bass (Morone 

saxatil is), and Atlantic mackerel (Scomber scombrus) . Kolek and Ceurvels 

(1981) report that 100 recreational lobstermen set pots in New Bedford 

Harbor. The importance of the rfc-creational fisheries in terms of catch and 

effort is not addressed by the applicant. 

Pollution has adversely impacted the ffstrery resources of New Bedford 

Harbor. Shellfishing for quahogs (Mercenar-l-a mercenaria) within the inner 

harbor was prohibited in 1925 as a result of d ischarges of untreated 

industrial and domestic wastewater. In 1971, the closed area was expanded 

a Personal communication (phone) on September 8, 1981, by Mir. M. Griben with 

Andrew Kolek, Massachusetts Division of Marine Fisheries, Sandwich, MA. 
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to include the area north of a boundary line drawn from Ricketsons Point to 

Clanks Point to Wilbur Point (Figure 24). The basis for this extension of 

the clqs^sp^by the Massachusetts Department of Environmental Quality 

 was hi9hEnginee£|<i£ (̂ S||  col i form bacteria counts. According to the 

ica^l^the &$$ attributed this problem to four factors: 

• The polluted Acushnet River 

:1east 30 combined sewer overflows in New 

Bedford y££ '''•'•"" 

• The New Bedford and Fairhaven wastewater outfalls 

• The lack of reliabilit#;:;6f|:£fte treatment plants. 

PCB contamination has alW affet'&d local f isher ies. The applicant 

states: 

"The high PCB l e v e l  s are attr$$$$$$& to the e lectr ica l 

components manufacturing industry;^!'ch discharged wastewater 

containing PCB directly into the harbor until the early 1920's; 

at which time they connected into the city;xS|^ye;r:• siy^jtem and 

their wastewater was d ischarged out the 3,300>:x
:£»ot outfal l 

[existing]." W.\ 
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SHELLFISH AREAS NORTH OF THIS BOUNDARY CLOSED

AND THEREAFTER DUE TO COLIFORM BACTERIA


COSTAMINATION.


AREA I - HATERS CLOSED TO HARVEST OF FISH,

SHELLFISH, AND LOBSTER IN 1979 AND

THEREAFTER DUE TO PCS CONTAMINATION


AREA II - WATERS CLOSED TO HARVEST OF BOTTOM

FEEDING FISH AND LOBSTER IN 1979

AND THEREAFTER DUE TO PCB

CONTAMINATION


AREA III :-!'-iAtESS::<;.iii3t̂ i::T!>. HARVEST OF LOBSTER

::
:::W::i97s::AW:THER£AFTER DUE TO PCS

'' 'CdNTAHtXAtlON '''


BAY SCALLOP (Aeoirigagten 1rrad1ans)a


DATA FROM MA SHEttHSH MAP (1978).


Figure 24. Location of shellfish beds and closed areas in

New Bedford Harbor, MA.
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According to the applicant, industries discharged most of the PCBs into the 

Fort Phoenix Beach area of the New Bedford Harbor channel. However, Kolek 

and Cettrve-ls {1981) report " A e r o v o  x Corpora t ion and Cornel l -Dubi 1 ier 

Corporation, both located in New Bedford, discharged PCBs into the Acushnet 

River from 1947-1976 and 1942-1976, respectively " 

The appl icant ind ica tes that s t u d i e s c o n d u c t e d by DEQE and the 

U.S. Food and Drug Adfliittistration on PCB levels in quahog clams and lobsters 

resulted in warnings against human consumption of these species. The area 

of contamination is north of a boundary line drawn from Ricketsons Point to 

Buoy 3 at Negro Led-ge- to WObur Point (see Figure 24) . According to the 

appl icant, the warning aga ins t h a r v e s t i n  g and consumption of c lams, 

lobsters, and bottom-feeding fisftes was "generally issued only to the 

commercial lobster and fishing industries. No public notice was ever issued 

and it is not classified as a 'restriction'." 

Kolek and Ceurvels (1981) report that the Massach jset ts Division of 

Marine Fisheries (MDMF) began analyzing New Bedford Harbor fish, shellfish, 

and c rus taceans for PCBs in September , 1976. In M a r c h  , 1977, the 

Massachusetts Department of Public Health (MDPH) issued a warning against 

consuming bottom-feeding f ishes caught in New Bedford Harbor because PCB 

levels in fish tissues exceeded the 5 ppm Federal Actton Leve-1. On June 2, 

1977, a second warning covering lobster was issued by the MDPH. An actual 

closure order was i s s u e  d by MDPH on September 25, 1979. The order 

classif ied the harbor into three areas: Area I, inner harbor north of 

hurricane barrier, was closed to the taking of all fishes, shellfish, and 
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lobsters; Area II, waters south of Area I and north of the boundary line 

extending from Ricketsons Point to Wilbur Point, were closed to the taking 

of bottom-feeding fishes; and Area III, waters south of Area II and north of 

the boundary Ifrta Extending from Mishaum Point to Buoy 3 at Negro Ledge to 

Rock Point, were closed to the taking of lobsters (Kolek and Ceurvels 1981). 

This closure notice was announced to the local media (Kolek and Ceurvels 

1981). Apparently this c losure announcement was publ ished after the 

applicant had submitted >ts 301(h) application. 

The applicant states that only trace levels of PCBs occur currently in 

the New Bedford effluent at the existing outfall. While trace amounts of 

PCBs may continue to be discharged at the proposed outfall, the applicant 

believes that no adverse impacts on fish or shellfish should occur. No data 

are provided to substantiate this contention. Extensive monitoring of the 

fishery resources at the propo-S-e-d site- should be undertaken to investigate 

impacts of low-level PCB conta-mination. Further detai ls concerning PCS 

contaminaton in New Bedford Harbor fishery resources are provided in the 

Bioaccumulation section of this evaluation* 

The improved treatment of the effluent discharged through the proposed 

outfall should reduce the total col i form bacter ia counts , and thus not 

adversely impact s h e l l f i s h  , a c c o r d i n  g to the applicant. This is a 

reasonable assumption. 

In summary, the ava i l ab le in fo rmat ion indicates that there is no 

commercial fishing in the vicinity of the existing outfall. However, it is 
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likely that commercial lobstenng is conducted in the area of the proposed 

outfall. Recreational f isheries apparently do occur in New Bedford Outer 

Harbor* but fto- in format ion on the impor tance of these f isheries is 

available. Contamination of the ava i lab le fishery resources by PCBs and by 

colifora fracterla- limit fishing opportunit ies in New Bedford Harbor. The 

existing o^faU has likely contributed to harbor pollution; however, the 

extent of the d ischarge 's impact remains to be quantif ied. It is likely 

that with improved treatment of the effluent discharged through the proposed 

outfall, coliform fea£$3r>a levels should be reduced. However, the trace 

amounts of PCBs present in the effluent currently are likely to occur also 

in the effluent discharged at the proposed outfall s i te. The effect of 

low-level PCB con tam ina t i on on f i shery r e s o u r c e s w a r r a n t s further 

investigation prior to concluding- ttw-t no adverse effects will occur. 

Shellfish— 

General Study Design--The applicant sampled she l l f i sh at 20 stations 

located in New Bedford Harbor and Nasketucket Bay during August 14-17, 1979 

(see Figures 20 and 21). According to Ifve appl icant , these si tes were 

sampled "to examine population densit ies at the outfal l and surrounding 

areas, with control sites in Nasketucket Bay." Stations were located using 

Loran A. 

Station SF5 included the area within and immediately beyond the ZID of 

the existing discharge. The exist ing outfall ZID is calculated as a circle 

with a radius of 8.8 m (29 ft). Water depth at SF5 ranges from 8.5 to 8.8 m 
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(28 to 29 ft) at mean low water ( M L W ) ( B u z z a r d s Bay, Char t 13230). The 

substrate in the v ic in i ty of Station SF5 appears to be silty sand. Sediment 

samples at Stations 81 and 82 (see Figure 20) have si l t and clay contents of 

4.5 and 33.7 percent for the two s ta t ions , r e spec t ive ly (see Table 27). 

Therefore, the sitbstrate in the v i c i n i t y of the ex i s t ing discharge is not 

homogeneous. Because the s h e l l f i s h dredge was p r o b a b l y d ragged over a 

considerable distance ( n . b . a p p l i c a n t did not i n d i c a t e the area sampled) , 

organisms preferring specific sediment types may have been combined in the 

sample taken at Station SF5. The re fo re , it is d i f f i c u l  t to determine if 

di f ferences exis t between s h e l l f i s h a s s e m b l a g e s w i t h i  n and i m m e d i a t e l y 

beyond the ZID. 

The appl icant des ignates two stations as l y i n g beyond the ZID of the 

exist ing discharge. Station SF4 is located approximately 0.9 to 1.1 km (0.5 

to 0.6 n m i ) northeast of the ext$ttTHj -d i scharge in a water depth of 7.6 to 

8 . 2 m (25 to 27 f t ) a t MLW (Sazzards- Bay, Cha r t 13230). The a p p l i c a n t 

reports a sediment m e d i a n g r a i n s ize of 0.46 mm (0.02 in) and a s i l t and 

clay percentage of 12.2 ( i . e . , s i l t y sand} far- bertthic Station B6, located 

near S t a t ion SF4 (see F i g u r e 20, T a b l e 21}^ S ta t ion SF20 is s l i g h t l  y 

farther from the exis t ing o u t f a l l [ a p p r o x i m a t e l y 1.1 to 1.7 km (0.6 to 0.9 

n m i ) to the southwest] than is S ta t ion SF4. Water depth at Station SF20 is 

about 7 .1 m (23 f t ) a t M L W  . The a p p l i c a n  t d id fjo-t character ize the 

sediments at this si te. The NOAA B u z z a r d s Bay char t 13230 describes the 

substrate as sticky in the v i c in i ty of Station SF20. 
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Station SF14 is located in the vic ini ty of the proposed discharge 

according to the applicant. This station is approximately 1.2 km (0.8 nmi) 

northwest sf 1-h.e p roposed s i te as d e s i g n a t e d on F i g u r  e A-2 of the 

application. However, it is possible that Station SF14 may be closer to the 

proposed location when the outfall is actually constructed. The precise 

location- for the proposed outfall awai ts further data analysis on ocean 

bathymetry and substrate composition. 

Water depth at Station- 5F14 ranges from approximately 8.2 to 13.1 m (27 

to 43 ft) at MLW (Bii22ards Bay, Chart 13230). Although the shellfish dredge 

appears to have sampled only a small portion of the bottom in water less 

than 13.1 m (43 f t ) , the she l l f i s  h c o l l e c t i o  n may be biased by the 

incorporation of shallow water [i.e», 8.2 m (27 ft)] species. For example, 

the habitat of the quahog clam* Mercenaria mercenar ia , extends from the 

littoral zone to 11.9 m (39 ft) ttepth w h i l  e the fa l se quahog, Pitar 

morrhua_na_, is distributed in water depths ranging from 4.0 to 32.9 m (13 to 

108 ft) (Gosner 1971, p. 301). W h i l  e these species have over lapping 

distributions, it is l ikely that each $p£c:ies is more abundant within a 

narrower depth range. Optimally, the dredge should have sampled within a 

more homogenous depth zone. 

Benthic Station 88 was l oca ted a l o n  g the dredge track of SF14. 

Sediment analyses at B8 revealed a sandy silt substrate (see Table 27). The 

applicant does not indicate if a s imi lar substrate exist'; at the proposed 

outfall site. Given the relatively long distance from the proposed location 

and the absence of sediment data, it is difficult to conduce that shellfish 
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collected at SF14 are representat ive of those occurr ing at the proposed 

site. 

St-ation SF11, located inside Nasketucke t Bay, is designated as a 

control" sftellfisti site for the exist ing discharge. Water depth at Station 

SF11 ranges from about 6.1 to 8.9 m (20 to 26 ft) at MLW (Buzzards Bay, 

Chart 13230), somewhat shal lower than the depth at the existing discharge 

Stat ion SF5 [i.e.4 $. $ *er 8.8 m (28 to 29 f t ) at M L W ] . Substrate 

composition is not described by the appl icant other than noting that fine 

sand was present at the site. Without additional data it is difficult to 

determine if Statio-n SF11 1$ an adequate reference site for the existing 

discharge, Station SF5. 

The shel l f ish control station for the proposed outfal l , SF15, is 

located in Nasketucket Bay in a- water depth of approximately 13.1 m (43 ft) 

at MLW (Buzzards Bay, Chart 13230). Substrate composition at Station SF15 

is not characterized by the appl icant. Theraforej. it is also difficult to 

conclude that SF15 is an adequate contra} site for the proposed outfall 

location. 

Overa l l , the limited information provided by the app l icant on the 

substrates at the v a r i o u  s s h e l l f i s  h s ta t i ons m^Jces it diff icult to 

reasonably compare the collections made at each sampling site. Differences 

in water depth and substrate composi t ion among the shellfish stations may 

have introduced biases which preclude determining if the existing discharge 

has impacted the indigenous shellfish fauna. 
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Sampl ing Procedures--A commerc ia l c lam dredge was used to sample 

shellfish- at each station. According to the applicant, "tows were made from 

two (2) to; ten (10) minutes, depending upon the expected densities at the 

s i tes." This is flot an appropr iate method for sampl ing surveys. The 

applicant <lpe* not specify the area sampled by the dredge or the towing time 

at each station. Therefore, it is unknown whether s ta t ions where large 

numbers of individuals- were col lected represent areas of high density or 

whether these large catches: simply are an artifact of extended towing time. 

To allow reasonabl$ comparisons among sampling locat ions, the applicant 

should have standardized towing t ime (i.e., samplinq e f fo r t ) at each 

station. 

Specimens col lected in the dredge were identi f ied to species and 

enumerated in the field. According to the app l icant , "A representative 

sample of each species was kept'....11 The appl icant does not indicate the 

method employed for sample preservation or the. taxonomic references used for 

identifying the specimens. 

The sampling procedures employed by the appl icant do not permit 

reasonable comparisons to be made among sampling locations to evaluate the 

impacts, if any, of the existing discharge. 

Statistical Analyses — The appl icant employs classif icat ion analysis 

(normal, Q-mode) to examine the overal l "likeness" of shellfish assemblages 

among each of the 20 sampl ing s ta t ions . The s tandard ized Bray-Curt is 
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similarity coeff ic ient is ut i l ized in the ana lys is and the unweighted 

pair-group method using arithmetic averages (UPGMA) is employed to construct 

a dendrogram, ' The applicant indicates that these procedures have been 

widely v$e.d in ecological research. The UPGMA method was employed since it 

has the du-al advantage "...of producing moderately sharp clustering while 

introducing felatively little distort ion into the original relationships 

expressed in the similarity matr ix ." This conclusion is supported by a 

preliminary study conducted; by Cunningham and Ogilvie (1972). 

In general, the-s-e numerical classification techniques are applicable to 

ecological investigations where complex data sets require simplification to 

enhance data interpretation (Boesch 1977). The problem in applying these 

methods to the shellfish data is the extremely limited data base. Although 

16 invertebrate species were c^Hected during the dredge survey, the 

applicant limited the analysis to only two spec ies , Mercenaria and Pi tar 

because "this dredge is designed to co l lec t quahogs [Mercenaria] and 

associated infaunal bivalves.. . ." Boesch (1977) recommends that because 

intuit ive exc lus ion cri teria are o f ten m-ultfvariate in nature "it is 

r e a s o n a b l  e t  o i m p o s  e s e v e r a l c r i t e r i  a in m a k i n  g d e c i s i o n  s o  n 

exc lus ion . " Therefore, the appl icant should have provided addi t ional 

reasons for excluding the remaining species or should have utilized another 

method of analysis. For some species, the applicant indicates only species 

presence, which cannot be subjected to quantitative analysis. 

The applicant indicates that a logarithmic transformation, i.e., log (x 

+ 1), was employed "to equa l ize the contr ibut ion of rare and abundant 
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species." This is an appropriate technique (Boesch 1977). However, since 

only two species which commonly occurred in the she l l f i sh samples were 

selected for analysis, it is unclear whether the transformation was applied. 

In- summary, there appears to be little just i f icat ion for employing 

classification analysis on data for only two species. Boesch (1977) and 

Stephenson (1973) both indicate that there is little to gain from numerical 

classification of snratH 4&ta sets where eco log ica l relationships are more 

intuitively apparent, Acceding to the appl icant, the shellfish cluster 

analysis dendrogram reveals two main station groups with three sites showing 

"little affinity with either of the groups." Because only two species were 

employed for the analysis, the resemblance among stations appears to be 

based upon the total number of Merceaaria and Pitar collected at each site. 

Therefore, the dendrogram does. rt<it appear to enhance the ecological 

interpretation of the shellfish; data. 

Numerical classification is the only quantitative method applied to the 

shellfish data. The limited data set and the unequal sampling effort at the 

var ious si tes precludes performing any typ-e. of meaningful stat ist ical 

analyses on the shellfish data. 

BIP Comparisons — Sixteen invertebrate speo-es, we-re col lected at 20 

stations during the shel l f ish survey. Four of the spe-cies [i.e., boring 

sponge (Cliona celata), parchment worm (Chaetopterus variopedatus), slipper 

shells (Crepidula fornicata, £. p lana)] were recorded as being present, 

i.e., the number of indiv iduals occurr ing in the dredge samples was not 
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indicated. Mercenaria was the dominant bivalve species collected during the 

survey (n = 5,137), fo l lowed by Pitar (n = 241), oysters (Crassos t rea 

virgini-ca) (n * 30), blood arks (Anadara o v a l i s  ) (n = 2), and bay scallops 

(Aequipecten irradians) (n = 1). Mercenaria occurred at all stations except 

SF15, tfce -control -site for the proposed outfall in Nasketucket Bay. 

Pitar occurred at fewer stat ions than did Mercenaria, but there does 

not appear to be a pattern to the spec ies distr ibut ion in New Bedford 

Harbor. The largest qt»$«tUy of Pitar (n = 110) was collected at Station 

SF14, where water depth ran-ges from 8.2 to 13.1 m (27 to 43 ft). The wide 

depth range sampled at this station precludes determining if the species was 

collected at all depths or only over a certain portion of this range. 

Specimens of this species were a lso found at Stations SF1 (n = 40) and SF4 

(n = 36). Water depth at the fgrsier station ranges from 2.7 to 4.9 m (9 to 

16 ft) and at the latter site from 7,$ to 8.2 m (25 to 27 ft). Therefore, 

it is difficult to determine from the data if Pitar inhabit specific depth 

zones or if they are ubiquitous throughout New Bedford Harbor. 

Oysters were found only at the inner fcart>or stations, SF1 (n = 5) and 

SF2 (n = 25), where depths range from 2.7 to 4.9 m (9 to 16 ft). 

The spider crab (Libim'a emarginata) was the third *no$t abundant (n = 

150) invertebrate species co l l ec ted dur ing the shel l f ish survey. In 

general, spider crabs occurred in the shal lower porfr-ofls of New Bedford 

Harbor. A second crab species, the blue crab (Callinecte-s sapidus) (n = 5), 

was collected only at Station SF3. 
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The remaining species were rarely encountered during the shellfish 

survey. These included horseshoe crab (Limu1 us po1yphemus) (SF17, n = 1), 

channelled whe7fc (Busycon canaliculatum) (SF3, n = 5; SF10, n = 4; SF20, n = 

8), kno-bfced wh-etk (Busycon c a r i ca) (SF20 , n = 2), lobed moon shell 

(Polinices duflljcata) (SF9, n = 1), and starfish (Asterias forbesii) (SF10, 

n = 14). 

Further analys-fs o-f the" shel l f ish data is precluded by the unequal 

sampling effort employed during the survey (see Sampl ing Procedures). 

Without additional Information on area sampled and dredging time at each 

station, it is unknown whether the species abundances reported by the 

applicant indicate areas of high density or are s imply an art i fact of 

sampling effort. 

According to the applicant, the dendrogram based on the collection of 

Mercenaria and Pitar reveals two main, station groups wi th three s i tes 

showing little similarity to either gro-up (Figure 25). The most similar 

group, with all members hav ing a s tandard ized Bray-Cur t i s similar i ty 

coefficient of 0.4 or greater, included Stations SF1, Sr3, SF4, SF5, SF6, 

SF7, and SF16. The applicant indicates that these stations are all located 

in c losed shel l f ish ing waters where bo t tom sub-strates ar-e hard. The 

sediment data provided by the app l ican t are insuff icient, however , to 

determine if substrates are in fact hard at these st tes. Substrates at 

Stations SF3, SF4, and SF5 are considered silty san-ds (Tab le 27) . The 

apparent similarity of these stations appears to be due tc the abundance of 
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STATION (SF) 2 18 17 n 10 19 12 13 6 16 20 15 14 

TOTAL NO. 70 71 57 10 26 35 18 19 6 125 
Mercenaria A PUar 1«TO t 

730 844 397 144 L— Proposed Outfall 

<— Proposed Outfall Control 

Beyond Existing ZID 

1—Existing Outfall 

— Beyond Existing- ZIP 

1—Existing Outfall Control 

REFERENCE: ADAPTED FROM FIGURE XI-9, HEM BEDFORD

201(h) APPLICATION, 1979


Figure 25. Q-mode cluster dendrogram for shellfish collected

at 20 stations in New Bedford Harbor and

Nasketucket Bay, MA, August 14-17, 1979.
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Mercenaria. The number of Mercenarla col lected at these stations ranged 

from 290 (SF3) to 1,130 (SF1). The ex is t i ng d ischarge site, SF5, is 

included in thts group. Although the beyond-ZID s ta t ion , SF4, clustered 

with SF5j the control site, SF11, did not. The small number of Mercenaria 

collected at SF11 probably accounts for its lack of similarity with SF5. 

The second major station group, according to the applicant, includes 

Stations SF2, SF8, SF9> SFlOt, SF11, SF12, SF13, SF17, SF18, and SF19. These 

stations were less $1m>la:r;, one to another, than were those in the other 

major group. The final thfe.e joinings in this cluster only had standardized 

Bray-Curtis similarities of between 0.1 and 0.2 (F igure 25). It is 

difficult to assume that these stat ions are reasonably similar given such a 

low coefficient. The appl icant states that these stations "are, with one 

exception, either located in bottoms other than hard or are in legally 

f ishable waters . " The applicant tf id not further speci fy substrate 

composition for each station other than to note that "fine sand was present" 

at Station SF11. Based on sediment an-al,y$e.s, near SF2, the substrate is 

considered silty sand, similar to substrates encountered at Stations SF3, 

SF4, and SF5 ( T a b l e 2 7 )  . In c o n t r a s t  , the s u b s t r a t  e at SF12 is 

characterized as sandy silt (Table 27). 

The three stations which were not considered stmiUr to either of the 

two groups or to one another included SF14 (vicinity of proposed outfall), 

SF15 (proposed outfall contro l ) , and SF20 (ex is t ing outfall, beyond ZID). 

The applicant notes that Pi tar was present at the first txo sites; in fact, 

the largest col lect ion of the s p e c i e  s (n=110) was made at SF14. The 
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applicant also indicates that these stat ions represent the deepest dredge 

sites. The shellfish sample at Station SF20 was composed exclusively of 

Mercenarjg (n*I44). The applicant could not explain its low affinity with 

either of the tw siain station groups. 

The appBcaftt was not able to detect other patterns among stations 

within other station groups. The appl icant states "The general scarcity of 

Pi tar and Mercenari? in ftaskstucket Bay is probably due to sediment type and 

increased siltaticm- due to- the polychaete Chaetopterus. " The applicant 

cites an unpublished study. *hich "indicated a general degradation of the 

bottom when the stu<Jy site xas invaded by Chaetopterus...." Although the 

polychaete was co l l ec ted in Naske tucke t Bay , the appl icant did not 

demonstrate that it had "invaded1' the area and modified the bottom 

sediments. A more reasonable explanation is that the appl icant located 

sampling stations in areas of low Mercenari a abundance. A map entitled 

Shellfish Resources of the Massachusetts Coast (1978) indicates that there 

are extensive Mercenaria beds located along the eastern shore of Sconticut 

Neck, and also along Fairhaven and West Isl-and" beaches. 

The applicant summarizes the shellfish discussion by stating: "Results 

from the dredge are inconclusive with regard to effects of the [existing] 

outfall on the quahog [Mercenari a] population." The -applicant contends that 

if there are impacts attr ibutable to the ex is t ing discharge, they are 

obscured by "natural variation and substrate preferences, and the commercial 

f ishery... ." The data presented by the appl icant are insuf f ic ient to 

substantiate this conclusion. 
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No information was provided i n d i c a t i n g the natura l va r i ab i l i t y of the 

indiger joas sb f i - l l f i sh species in New B e d f o r d H a r b o r , no r were species 

substrate preferences i n d i c a t e d . The a p p l i c a n t d id no t desc r ibe the 

commercial- she!Jffshery w i t h respect to catch and effort nor were details 

provided on specific harvesting areas. 

In summary , the $pptleant did not demons t ra te t ha t the s h e l l f i s  h 

community in the vicinity af the exis t ing discharge, SF5, was s i m i l a r to the 

one encountered at the designated cont ro l site, SF11. For stations located 

beyond the e x i s t i n g £ I D (SF4-, SF20) and in the v i c i n i t  y of the proposed 

o u t f a l l (SF14) a n d cont ro l ( S F 1 5 ) , l i t t l  e s i m i l a r i t y w a s noted. T h e 

s h e l l f i s h data co l lec ted by the appl ican t are i n a d e q u a t e to reasonably 

evaluate the impact, if any, of the ex i s t ing discharge or potential effects 

of the proposed ou t fa l l on the indigenous s h e l l f i s h community of New Bedford 

Harbor. However , the species' w h i c h were co l l e c t ed are t yp ica l of those 

expected in New E n g l a n d coastal waters. 

Bioaccumulation--

The appl icant presents results of studies of chemical analyses of 

sediments and organism tissues (shellfish) in Appendix XVI t . 

Sediment Analyses--The a p p l i c a n t presents resul t$ of several sediment 

studies conducted in Buzzards Bay and New Bedford Harbor du r ing the period 

of 1971-1975. These s t u d i e s ( N e w E n g l a n d A q u a r i u  m 1973; Water Resources 
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Commission 1972; Massachusetts Division of Water Pollution Control 1975; all 

not seen) are unpublished reports which could not be reviewed as part of 

this evaluation. 

Tire results- af a 1979 study of sediment and t issue concentrations by 

Camp Dresser an<f McKee, Inc. (COM) are a lso presented. The analytical 

methods used in this study (COM) are referenced by the applicant and are 

considered appropriate fior the indicated analyses. 

Eleven stations sampled by COM correspond to the fol lowing location 

categories: withiff-ZID, St; beyond-ZID, S2, S10, Sll, S12; control, S17, 

S18, S19, S20; proposed outfall, 58, 59 (Figures XVII-1A and XVII-1B of the 

application). The locations of the- irS" stations used for sediment analyses 

appear to be about the same as tire "8" stat ions descr ibed in the Benthic 

Infauna subsection above (Figures 20 and 21). 

Based on the COM s tud ies and p r e v i o u  s s t u d i e s in the area, the 

apolicant concludes that for the sediment samples, "Concentrations of metals 

were generally highest at stations located near the ZID...." The applicant 

a lso concludes that sediment metal concent ra t ions were s imi lar among 

stations located beyond the ZID (exc lus i ve of the near-ZID station, S2). 

Evaluat ion of the data supplied by the applican-t supports these basic 

conclusions. Concentrations in the sediments of metals typically associated 

with sewage effluents (Cd, Cr, Ni , Pb, Zn, Ag, and Hg} were much higher at 

ZID and near-ZID stations when compared with control areas, outer harbor 

sites, and tne proposed outfall location (Table 32 and application Tables 

XVII-13, XVII-14, and XVII-15). 
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In a study .gf metal c o n t a m i n a t i o n of sed iments throughout New Bedford 

Harbor snd parts of Buzzards Bay, Stoffers et al . (1977) describe the harbor 

as a "Isaky s ink" for con taminan t s . Sediments near the head of the harbor 

in the Aeushftet #1ver estuary had the h ighes t levels of con tamina t ion , w i th 

copper c o n c e n t r a t i o n s exceed ing 5,000 ppm. There is a g r a d u a l seaward 

decline in sediment Beta! concentrat ions; however , Stoffers et al . (1977) 

conclude that sediiueftts a-r-$ " s l i g h t l y con tamina ted" even at the proposed 

discharge site. 

Sediment PCB c o n c e n t r a t i o n  s a t t he n e a r - Z I  D s t a t i o n (S2) were 

approximately two orders of magnitude h i g h e r than concentrat ions at the New 

Bedford harbor s i tes S10, Sll, -and S12. Th i s pa t t e rn suggests that the 

outfa l l may be a s i g n i f i c a n t source of PCB c o n t a m i n a t i o n since the harbor 

sites are considerably closer to- other krtown point sources of PCBs. 

It is interest ing to note tha t for tncst metals and PCBs, cons iderab ly 

h igher sediment concen t r a t i ons were measured: at the nea r -Z ID station (S2) 

than at the Z I O stat ion (SI ) . The applicant does not provide s ta t ion 

coordinates for the sediment s t a t ions , but only d i s p l a y s loca t ions on 

application Figures X V I I - l a and X V I I - l b . Based on the applicant's maps, it 

is not possible to c o n f i r m the s t a t ion d e s i g n a t i o n s . It is important to 

note, however, that Stations SI and S2 are shown by the applicant  i n s i m i l a r 

( a l though s l igh t ly d i f f e r e n t ) l o c a t i o n s as b e n t h i c statifxis Bl and B2. In 

the Benthic I n f a u n a s u b s e c t i o n of t h i s e v a l u a t i o n it was shown that the 
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app l i can t ' s station coordinates for Bl and B2 do not agree with their 

location des igna t ions ( i .e., Z ID and n e a r - Z I D  , respec t i ve ly ) . The 

coordinates af- these stations place the putative near-ZID station closer to 

the outfaJl than tfte putative ZID station. It is possible that a similar 

miscalculation was made for the sediment station locations; thus, the higher 

concentrations at Station S2 could reflect the fact that Station S2 may be 

closer to the outfall than is Station SI. 

Several of the sediment stations near New Bedford were sampled in 1971 

and 1975. At the sdte nearest the exist ing outfall (NBj, application Table 

XVII-13) several sediment constituents (Hg, Pb, Zn) displayed reductions in 

concentration between 1971 and 1975. A l ternat ive ly , chromium and nickel 

both displayed increased concentrations in 1975 relative to 1971. At the 

harbor site (NB5), mercury and lead also declined from 1971 to 1975, while 

concentrations of zinc, nickel, and chromium increased. 

As part of this evaluation, recent sediment ?CB data were obtained from 

the Massachusetts Department of Environmental Quality Engineering (DEQE)a. 

The locations of selected DEQE stat ions are shown in Figure 26. With the 

exception of the Acushnet River sites (1 and 1A), the New Bedford sewage 

a Personal communication (written response to phone request) on September 

11, 1981, by Mr. M. Griben with Mr. Richard Packard, Massachusetts 

Department of Environmental Quality Engineering, Lakeville, Massachusetts. 
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Figure 26. Location of selected PCS sediment stations

sampled by the Massachusetts Department of

Environmental Quality Engineering (New

Bedford, MA).
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outfal l station (23) had one of the h ighes t recent PCB-1254 concentrations 

in surficial [e.g., 0 to 10.2 cm (0 to 4 in) deep] sediments (Table 33). 

The data indicate the h igh l e v e l s of sediment PCB con tamina t ion throughout 

the inr>$f harbor, Only a few sites were sampled outs ide of the hur r i cane 

barrier. Two of t#ose sites are located in the ship channel and may not be 

reflective of recent contaminat ion due to dredging ac t iv i t ies . Thus, there 

is l imited comparative basis w i t h i  n t h i s data set to evaluate the level of 

c o n t a m i n a t i o n at the- outfa: 11. H o w e v e r , the data do i n d i c a t e tha t the 

sediments near the- «xisti*vg- o u t f a l l c u r r e n t l y h a v e a h i g h l e v e l of PCB 

contaminat ion . The PCB cofi-centration reported by DEQE eit the o u t f a l l site 

is also comparable to the PCS- l e v e l s repor ted by the a p p l i c a n t for the COM 

studies. 

It should also be emphasized- tftat the D E Q E sediment analyses are only 

for PCB-1254. The PCB mixtyr^-s reported in the COM s tud ie s are not 

specified. Such analyses may resul t in an underes t imat ion of the magn i tude 

of the PCB contaminat ion by not ana lyz ing for the lower m o l e c u l a r weight and 

l e s s - s u b s t i t u t e d , PCB m i x t u r e s . In th£ a p p T i c a r f t ' s e f f l u e n  t ana lyses , 

c o n c e n t r a t i o n  s o f P C B - 1 2 5 4 a n d PCS-12^2 a r e r e p o r t e d a t s i m i l a  r 

concentrations. Farrington and S u l a n o w s k i (1981) also report that mussels 

(Myt i l u s e d u l i s ) f rom New Bedford H a r b o r had s i m i l a  r c o n c e n t r a t i o n s o f 

PCB-1242 or 1016 and PCB-1254 mixtures. Thus, future studies $hould analyze 

f o r a l l p o t e n t i a l P C B m i x t u r e s  , e s p e c i a l l  y t h o s e i d e n t i f i e d i n t h e 

a p p l i c a n t ' s e f f luent . 
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TABLE 33. SEDIMENT CONCENTRATIONS (mg/kg) OF PCB-1254 AT SITES SAMPLED 
BY TH£ MASSACHUSETTS DEPARTMENT OF ENVIRONMENTAL QUALITY ENGINEERING 

Depth 
Station cm ( i n ) 1979 1980 

1 0-10.2 (0-4) 39.7 2.6 
10.2-20.3 (4-8) 25.9 10.0 

1A 0-10.2 (0-4) 72.7 
10.2-20.3 (4-8) 118 

6 0-10.2 (0-4) 43.1 4.7 
10.2-20.3 (4-8) 0.2 NDb 

10 0-10.2 (0-4) 7.9 1.66 
10.2-20.3 (4-8) 3.2a 0.36 

14 0-1CU2 <0-4) 2.0 NO 
10.2-20.3 $4-8) 9.6 ND 

18 0-1$.2 {0-4) 1.25 
10.2-20.3 {4-8) - 1.0 

19 0-W.2 (0-4) 0.9 <0.01 
10.2-20.3 (4-8) ND 

22A 0-10.2 (0-4) 43.6 0.92 
10.2-20.3 (4-8} 

23 ( o u t f a l l ) 0-10.2 (0-4) 15.6 
10.2-20.3 (4-8) - 0.3 

a 0-7.6 cm (0-3 in). 

b NO, none detected. 

Source: Personal communicat ion (wri t ten response- ttf phone request) on 
September 11, 1981, by Mr. M. Griben with Mr. Richard Packard, Massachusetts 
Department of Environmental Quality Engineering, LakeviTte^ Massachusetts. 
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Shellfish Tissue Analyses—The applicant presents a brief discussion of 

a study of bioaccumulation in shel l f ish in the New Bedford Harbor-Buzzards 

Bay area. The 10 stat ions sampled represented one s i te near the outfall 

(SF5); se-ven be-yomj ZID si tes (SF2, SF3, SF4, SF6, SF19, SF16, SF17), one 

control site (SF15), and one site in the general vicinity of the proposed 

outfall {SF14jf, These sampling areas represent 10 of the 20 stat ions 

described previously in the Shel l f ish subsection. As such, they have the 

same l imitations reUtfve to the a p p l i c a n t '  s desiqnat ion of station 

locations. 

The applicant presents data for tissue concentrat ions of 12 metals, 

arsenic, and PCB. The analytical methods fo l lowed acceptable techniques. 

However, the appl icant 's descn'ptTon of other methods is inadequate, and 

this results in the data being of limited utility in mak ing among-site 

comparisons of tissue concentrations. Notably lacking  i s a description of 

the species collected. The applicant states only that "At each station, ten 

(10) shellfish were taken to obtain a representative population." Due to 

potential differences in bioaccumul atio-n among s-pecies, this represents a 

serious limitation of the studies. The stations sampled by the applicant 

had distinctly different s h e l l f i s  h assemb lages and samples taken to 

approximate the species composi t ion at each si te could result in apparent 

differences in bioaccumulation that are actually due- to- differential uptake 

rates among species. M o r e o v e r , the a p p l i c a n  t does not descr ibe the 

t i s s u e ( s ) ana lyzed fo r each s p e c i e s  , and th is cou ld a lso introduce 

considerable bias in the data. 
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Evaluation of the shel l f ish co l lec t ions at each station used for the 

bioaccumulation ana lyses indicates that compar isons among the existing 

outfall site {Station SF5), a beyond-ZID site (Station SF2), the proposed 

outfall site (Station SF14), and the putative control site (Station SF15), 

would b^ Inappropriate if the appl icant actual ly sampled a "representative 

population £t each site. For example, the samples as SF2 were composed of 

oysters and quahogs, while those at SF5 (outfall) were dominated by quahogs 

with a few false quahog-s (application Table XI-24). False quahogs were 

dominant at SF14, and n-Q quahogs and only a few false quahogs were collected 

at the "control" site, SF15,. 

The applicant also presents the results of tissue analyses of 136 toxic 

substances in shellfish tissue from Station S5, which the applicant refers 

to as the "ZID area." These studies are a lso poorly described, without 

specification of sample site, organi-sn^ .collected, or t issue(s) analyzed. 

Although the appl icant 's bioaccumulation data are of limited use in 

assessing effects of the ex is t ing outfat1 , they are presented in Table 34 

for comparative purposes. Stat ions SFS,, SF3, SF4, and SF16 had similar 

shellfish communit ies based on the relative densit ies of Mercenaria and 

Pitar collected at each station, and therefore can be used to make limited 

comparisons of tissue concentrations near the existing outfall with those of 

surrounding areas in New Bedford Harbor. 

For some metals (chromium, copper, n ickel , and zinc), the shellf ish 

tissue concentrations near the exist ing outfall were higher than those in 
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the surrounding areas. The applicant also reaches this conclusion. Other


toxic substances display no apparent elevation near the outfall. The lowest


PCB concentration measured by the applicant was in the near-outfall sample.


Comprehensive ana lys is of toxic substances in samples collected 

near the existin-g. outfall revealed that the only organic compounds measured 

above detection limits were butyl benzyl phthalate (0.004 mg/wet kg), pyrene 

(0.001 mg/wet kg), and PCB 1254 (< 0.001 mg/wet kg). 

The low PCB cQncentratfons reported by the applicant are considerably 

less than concentrations reported in other studies of New Bedford Harbor. A 

1976 sample of quahtfg tissue col lected in the vicinity of the existing 

outfall by the Massachuse t t s D i v i s i o  n of Mar ine Fisheries had a PCB 

concentration of 1.3 mg/wet kg (as reported in application Table XVII-19). 

Kolek and Ceurvels (1981) report a PCS concentration of 1.8 mg/wet kg for a 

1976 quahog sample from the existing outfall station. Other quahog samples 

col lected in 1976 f ro  m the genera l v i c i n i t  y ( S t a t i o n  s 23 and 24 in 

application Figure XVII-7) had PCB concentrations <3f 0.41 to 0.44 mg/wet kg. 

Although these concentrations are considerably higher than concentrations 

reported for quahogs in the app l i can t ' s study, they are well below the FDA 

Action Level of 5 mg/wet kg. 

Other marine and estuar ine species in the New Bedford area have PCB 

concentrations which have resulted in the closure of the $rea to the taking 

of some commercial and recreational species (see Commercial and Recreational 

Fisheries subsection above) . Highest t issue concentrat ions are reported 

from the Acushnet R iver and inner harbor, a reas near the previous point 

sources of PCBs. 
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The applicant recognizes the PCB contamination in the area and provides 

a tabular rev iew of var ious studies during the period of 1976-1978. A 

recent report by Kolek and Ceurvels (1981) provides a discussion of PCB 

contamination in New Bedford harbor as a function of species and area. 

Although £cn si durable data is provided for the general area, it does not 

allow for an evaluation of the potential contribution of the New Bedford 

outfall to the high levels of PCB contamination in New Bedford harbor and 

Buzzards Bay. However, based on a r e v i e  w of the New Bedford 301(h) 

application, Kolek £n4 Ceurvels (1981) conclude that "The presence of PCB's 

in the sewage effluent and sediment adjacent to the [New Bedford] outfall 

pipe indicate that this is a lso a source of contaminat ion. . . . " In an 

analys is of effluent samples contacted in 1979, the appl icant reports 

effluent concentrations of 10 ug/T <sf PCB-1254 in wet-weather samples and 

9.3 ug/1 of PCB-1232 in dry-we$ther $-amples. Thus, in 1979, substantial 

amounts of PCBs were most likeJy being discharged in the New Bedford sewage 

effluent. These observations, in combination with the observed PCB sediment 

contamination near the outfall, suggest tfcat the- existing Mew Bedford sewage 

discharge may be con t r ibu t ing to th« PCB con tam ina t i on of f ish and 

shellfish. It should be recognized, however, that the levels of sediment 

contamination by PCBs are much higher insi-de the hurricane barrier in New 

Bedford harbor than near the o u t f a l l  , and that a t t r ibut ing observed 

contamination, especial ly in moti le organisms, to. individual sources is 

tenuous with available data. Fol lowing their evaluation of past PCB data, 

Kolek and Ceurvels (1981) a lso conclude that "Review of the data collected 

to date indicate [sic] that sampling results are insufficient to establish 

definitive PCB trends in the biota of New Bedford Harbor." 
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Section 7. Biological Assessment Questionnaire 

The applicant responds to Quest ions 7-1 through 7-11 and to Question 

7-13 of the Bio-logical Assessment Questionnaire. Each one-word response is 

fo l lowed fey a br>ef s u p p o r t i v e summary statement. The responses to 

Questions 7-1 through 7-11 pertain primarily to the ex is t ing outfal l . 

Predictive responses for the proposed improved outfall are addressed by the 

applicant in the response to Question 7-13. Question 7-12 is not answered 

because the applicant c*>R5i-ders the receiving waters in the vicinity of the 

proposed outfall to- be unstressed. 

Question 7-1. Has the discharge interfered with a balanced indigenous 

population of marine life?— 

The applicant supplies a po$vttvfc response to Question 7-1. 

Phytoplankton—The applicant contends that the phytoplankton sampling 

program demonstrated that this community Jlexhibited no distr ibut ional 

c h a n g e s w h i c h cou ld be a t t r i b u t e  d to t&e o u t f a l l .  " In rea l i t y , 

phytoplankton s a m p l i n g conduc ted in support of the app l i ca t i on is 

insufficient for making the required BIP compar i sons for the fol lowing 

reasons: 

1. Collection of phytoplankton at only two stations in the 

vicinity of the outfall may not be adequate far a definitive 

evaluation of potential impacts of the effluent discharge on 
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phytoplankton, since such ef fects may not be manifested in 

the immediate vicinity of the outfall. 

2. Characterization of a BIP of phytoplankton for this area was 

i n a deg*>ate due to l a c  k of i n f o r m a t i o  n on s e a s o n a l 

va-ri^tnl i ty, o m i s s i o  n of m e a s u r e m e n t  s of pr imary 

productivity and/or communi ty b i o m a s s , and fai lure to 

identify the majority of phytoplankton to species. 

3. The lack of repl!cate samples at each station precluded an 

evaluation of the s ign i f i cance of observed d i f fe rences 

between stations in cell densities and/or numbers of taxa. 

Although the applicant asserts that: 

"There were no major qualitative dif ferences among Stations PI 

and P2 (in and immediately beyond the ZID), Stations P7, P8, and 

P9, and S ta t ion P17 ( r e f e r e n c e  ) ind ica ted by J a c c a r d '  s 

coefficients," 

it should be noted that Stat ions PI and P2 had only 41 to 57 percent of 

their phytoplankton taxa in common with the other stations. This low 

qualitative similarity is suggestive of inadequate sampling at each station, 

especially when stations as close together as Stations PI 3fid P2 had only 50 

percent of their phytoplankton taxa in common. The applicant's assertion 

that "no major qualitative differences" existed cannot be substantiated. 
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Although the applicant's calculation of chi-square values could not be 

verified -as part of this eva lua t i on , the appl icant states that they 

indicated signfficant differences among the stations in "the unit abundance 

of major phytaplankton groups . " The appl icant does not g ive any 

interpretation for the fact that all stations tested had significantly 

different phytoplankton assemblages. 

With regard to c«H densities, the applicant asserts that: 

"There were n-o- large density d i f f e rences among the major 

phytoplankton groups at any of the stations that could not be 

exp la ined as natural var iab i l i t y in the phytop lankton 

communi ty . " 

Examination of the applicant 's Table XI-16 would seem to corroborate this 

assertion, although it should be noted that replicate samples and rigorous 

stat is t ica l a n a l y s e s w o u l  d be required to e s t i m a t  e the stat is t ical 

s ign i f icance of any o b s e r v e  d di f fere-nce-5 "in the abundances of major 

phytoplankton groups. The possibi l i ty al$o ex is ts that large differences 

occurred between stations in the abundances of individual taxa. Since these 

abundances are not reported, this possibility cannot fee explored. 

Higher total phytoplankton densi t ies in the vicinity of the ZID may 

only represent a typical o n s h o r e - o f f s h o r  e gradient in phytoplankton 

abundance. The total phytoplankton density reported for the outfall station 
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is similar to the density of phytoplankton ce l ls in lower Narragansett Bay 

in late summer (Smayda 1958), suggesting that this is not an abnormally high 

density* Qn?-$'^gain, repl icate samples and rigorous statistical analyses 

would be required to estimate the stat ist ical significance of any observed 

differences in t&tal phytoplankton abundance. 

In summary, the phytoplankton data collected in 1979 revealed dramatic 

di f ferences in camflUjnf £y -aompositi on and minor d i f ferences in overa l l 

abundance, both between two s tat ions in the immediate v ic in i ty of the 

existing outfall Z3D and between these stat ions and fcur other stations, 

including a reference station in Nasketucket Bay and a station near the site 

of the proposed outfall. Certa in ly, more ex tens ive sampl ing would be 

required to determine whether th-ese observed trends are s ta t is t ica l ly 

significant and whether they occur at other times throughout the year. With 

the data currently available, it cannot be determined whether the existing 

effluent discharge has interfered wittr the protection and propagation of a 

BIP of phytoplankton. 

Zooplankton--It is the app l i can t ' s ^o-ote-ntion that the zooplankton 

s a m p l i n g p rog ram d e m o n s t r a t e d t ha t th is commun i t y " e x h i b i t e d no 

distributional changes which could be attributed to the out fa l l . " In 

reality, this sampling program was insufficient for making the required BIP 

comparisons for the following reasons: 

1. There has been no attempt to accura te ly def f rce a BIP of 

zooplankton charac ter is t ic of this biogeogrciphic zone. 

240 



Particularly lack ing are es t imates of both within-station 

and seasonal variability. 

2. The lack of replicate samples precludes statistical analysis 

of differences in abundance between stat ions, either for 

SncHvidiual taxa or for the zooplankton community as a whole. 

3. Failure to note the tidal stage at the time of sampling 

opens the question of whether or not the beyond-ZID sample 

could be expected to show effects of the effluent discharge. 

This omi$$ion also- renders the comparison of the outfall 

stations with the control stat ions in Nasketucket Bay of 

dubious significance, sirtcd, depending upon the tidal stage, 

the control s ta t ions may have been more influenced by 

inshore or offshore w$t:er$ tfr-an the corresponding stations 

in the vicinity of the existing and proposed outfalls. 

Due to the extremely limited zoopl atiktoft sampling program (one sample 

at each of six stations), the app l icant 's conclusions should be regarded as 

very tenuous. In the absence of information on wi th in-s ta t ion and/or 

seasonal var iabi l i ty , statements in Appendix XI of the application that 

"Diversity values within this range indicated a fairly div-erse community" 

and that the "spread of v a l u e  s was not g rea t enough to indicate an 

appreciable difference among the stations" cannot be taken as conclusive 

evidence that the existing effluent discharge has not adversely affected the 

zooplankton communities. 
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Comparison of the app l i can t ' s zooplankton data w i t  h data on copepod 

abundances jr» buzzards Bay (Anraku 1964) and on zooplankton in Narragansett 

Bay (Jeffries 1964) suggested to the applicant that the zooplankton samples 

collect^ in New Bedford Harbor " i nd i ca te a typ ica l coastal marine 

environment,* Vjtiile this c o n c l u s i o  n appears va l id , certainly a more 

comprehensive sampling program would be necessary to state definitively that 

the ex is t ing discfearg-e has not a d v e r s e l  y a f f e c t e  d the zooplankton 

communities. 

Bentnic Infaun-$~.The applicant states that: 

"Al l benthic community parameters indicated changes in the 

outfall area. The effect W4s found to extend at least 25 m from 

the outfall. A location 640 n> distant was not affected. It was 

concluded the zone of degradation- for the benthic community was 

less than 640 m from the outfall." 

The conclusion reached in this evaluation is that the data provided in 

the application are inadequate to definitively demonstrate that the existing 

discharge has not and w i l l not i n te re fe re w i t  h the p ro tec t ion and 

propagation of a benthic BIP. Potential l imitation$ of the applicant's 

benthic studies include: a) the possib le lack of a sampling station within 

the ZID, b) the small sample s ize used for enumeration of benthic species, 

c) the lack of an assessment of seasonal variation, and d) the use of 

questionable data reduction techniques prior to app l ica t ion of cluster 

analysis. 
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Despite these limitations, several tentative conclusions were drawn in 

this review* based on the applicant's study: 

1. The spe-cies r ichness, faunal density, and diversi ty of 

bfifttbH infaunal communities at Stations Bl and B2 in the 

vicinity of the existing discharge generally are lower than 

values of tho-S-e parameters at other inshore stations farther 

away from tfte discharge and at possib le reference sites in 

Nasketuck-et Bay (Stations 817 and B18). 

2 . The e x i s t i n  g d i s c h a r g  e a p p e a r  s to c a u s  e a ma jo r 

reorganization of bentlvrc community structure near the 

outfall [i.e., within about 167 m (548 ft) from the outfall 

according to stat ion coordinates g iven by the applicant]. 

This reorganization may reflect the existence of a community 

which has passed the "peak of opportunists" defined by 

Pearson and Rosenberg (1978). 

3. The existing discharge does not appear to cause major 

changes in benthic infaunal communities beyond the ZID at 

distances greater than and equal to about 600 m {2,000 ft) 

from the outfall. 

The appl icant 's interpretations of the benthic data generally parallel 

those expressed in this evaluat ion. However, it is important to note that 
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the applicant has not expl ic i t ly defined a BIP of benthic infauna for the 

existing outfall area. The clustering of Stat ions B17-B20 in Nasketucket 

Bay with "offshore" Stat ions B3, B7, B8, 89, and B15 in Buzzards Bay is 

taken by the applicant to indicate a "normal b io logical community" at 

Station's. S15 [ab«ut 600 m (2,000 ft) from the outfall] and at other sites 

farther fnwi tfce -outfall. The applicant initially designates Station B17 as 

a control stat ion for the exist ing d ischarge. However, the appl icant 

performs statistical comparisons of Stat ions Bl and B2 'near" the existing 

outfall with the inshore- group (Stat ions 84, 86, 811, B12, B13, and 814) in 

lieu of pair-wise statistical comparison of Stat ions Bl and B2 with the 

putative control Station BIT", Thus, it is unclear whether the applicant 

considers benthic fauna at the inshore sites or at Station B17 to represent 

a BIP for the existing outfall location. It was concluded in this review 

that data included in the application are insuff ic ient to document the 

existence of control conditions at any of the si tes where sampl ing was 

conducted. ••• • 

Rocky Intertidal--In response to this Question, the applicant states 

that: "Studies conducted on . . .i nterti-tfal c o m m u n i t i e s exhibi ted no 

distributional changes which could be attributed to the outfall." 

It was concluded earlier in this eva luat ion that the studies cited are 

inadequate for an assessment of impacts on interti-dal communities 

potentially caused by the existing and proposed discharge-s. The intertidal 

studies did not adequately def ine an intertidal BIP b-ecause of limited 

identification of species. The appl icant fai led to p rov ide detai ls of 
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procedures used to sample intertidal fauna, so that the reliability and 

accuracy of the results are difficult to evaluate. The sampling procedures 

used by th-e applicant to determine percent algal cover were inadequate for 

accurate estimation of mean percent cover even for the most abundant 

macroalga., Fucus vetsiculosus. 

Fishes—The appl icant responds that the f ish survey indicated "no 

distributional ch-an-g-e$ wh ich cou ld be a t t r i bu ted to the [ex ist ing] 

outfall." This is not a: reasonable conclus ion based upon the limited fish 

survey conducted by tfie applicant. The 1-day survey in August, 1979, cannot 

be employed to elucidate in -detail the spatial and temporal distributions of 

the major indigenous fish species occurring in New Bedford Harbor. The 

applicant states that "Based on tn£ limited fish data no conclusions can be 

drawn in regard to spec ies at tne v a r i o u  s stat ions." Therefore, the 

ava i lab le information is insuffi cient to conc lude that the ex is t ing 

discharge has not adversely impacted" ttie New Bedford Harbor fish fauna. 

H o w e v e r , t he s p e c i e  s w h i c  h w e r  e c o l l e c t e  d dur ing the s u r v e  y a re 

representative of the indigenous southern .Massachusetts coastal fish fauna 

during August. 

The applicant predicts that the r e l o c a t e d outfall wi th improved 

effluent treatment wi l l have a minimal impact oft f1sh^$^ However , the 

applicant did not provide sufficient information to permit an evaluation of 

the indigenous fish community at the proposed outfal l . Trawl Station F14 

was considered by the applicant to be in tne vicinity of the proposed 

outfall; however, it appears to be located approximately 1.2 km (0.8 nmi) 
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northwest of the proposed site. Furthermore, the wide depth zone sampled at


F14 and the absence of information on the substrate at the proposed site


precludes a determination that fishes collected at F14 are representative of


the community occurring at the proposed outfall. Therefore, without


addition-al information regarding fishes at the proposed outfall location, an


evaluation of potential discharge impacts cannot be reasonably made.


Shell fish- -The app-Hcant responds that the shellfish dredge survey


indicated "no distHbttttottfll changes which could be attributed to the


[existing] outfall." This Js not a reasonable conclusion based upon the


limited shellfish survey contacted by the applicant. This survey cannot be


employed to elucidate in detail the spatial and temporal distributions of


the major indigenous shellfish speciss in New Bedford Harbor. The applicant


states that "Results from the dredge, are inconclusive with regard to effects


of the [existing] outfall on the quaftog [Mercenaria] population." The major


drawback of the shellfish survey was unequal sampling effort at the various


stations. It is unclear whether stations where large numbers of individuals


were collected represent areas of high density or whether the large catches


there are simply an artifact of extended <Jr edging time.


The applicant could not demonstrate that the shellfish community at a


station, SF5, in the vicinity of the existing disctva-fge was similar to the


one encountered at the designated control site, SF11. far stations located


beyond the existing ZID (SF4, SF20) and in the vicinity of the proposed


outfall (SF14) and control (SF15), l i t t l e similarity was noted. The


shellfish data collected by the applicant are inadequate to reasonably
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evaluate the impact of the existing or proposed discharges on the indigenous 

shellfish community, of New Bedford Harbor. However, the species which were 

collected are- typical of those expected in New England coastal waters. 

Question 7-2. Do biological communities within the ZID differ from those 

that would sccur in the absence of the outfall?--

The applicant suppt$$s. a positive response to Question 7-2. 

Phytopiankton—The app l i can t ' s s ta tement that the phytoplankton 

community "exhibit$d- no distributional changes which could be attributed to 

the o u t f a l l  " p resumab ly impl ies that the app l i can t contends that 

phytoplankton within the ZID of tfce- existing outfall are not different from 

those that would naturally occur In the absence of the outfal l . Two 

phytoplankton samples were coUe-cte-d in the immediate vicinity of the 

existing ZID. The applicant describe? Station PI as being "within the ZID" 

and Station P2 as being "immediately beyond the ZID." As discussed in 

greater detail in Part B, Section 6 of this evaluation, there is some 

uncertainty regarding the exact relatioftshJp of these s tat ions to the 

position of the existing outfall; according to station coordinates given in 

Table XI-1 of the application, Station P2 is actually closer to the outfall 

than is Stat ion PI [76 m (249 ft) vs. 167 m (548 ft)]. This apparent 

discrepancy cannot be reso lved w i th the information a v a i l a b l e in tne 

application; it is, however , of re la t i ve l y little consequence s ince 

phytoplankton are carried about by movements of the water and are not 

permanent residents of any given location. 
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The two stations in the vicinity of the existing outfall had only 41 to 

57 percent -of their phytoplankton t axa in common w i t  h the four other 

stations sampled. The applicant a lso reported significant differences "in 

the unit abundant* of major phytoplankton groups" between these stations and 

the other stations sampled by the applicant. Whi le both conclusions were 

questioned because of poss ib le i nadequa te sampl ing and inappropr iate 

statistical analysis £$e£ Part B, Section 6, Phytoplankton above), they do 

suggest possible outfail-related effects which could be explored in greater 

detail if a more rf<jorous sampling program were conducted. 

The applicant notes that members of the Euglenophyta and Cyanophyta 

(two groups which sometimes attain ttf<Jh densities in eutrsphic systems) were 

present near the existing outfal? (Stations PI and P2) and at Station P7. 

Members of the Cyanophyta were also- present at Stations 38 and P9, however, 

and both groups were in low a-bundarrce- at all stat ions where they were 

present. Since they were not present in high abundance near the outfall, 

severe eutrophication is not suggested. 

Judging from the limited data ava i lab le , the total phytoplankton 

density in the immediate vicinity of the existing outfall did not appear to 

be u n r e a s o n a b l  y high. Th is and a l l o ther concl u$to-ns r e g a r d i n g 

phytoplankton populat ions in the area around the exiting outfal l must 

remain extremely tenuous until a more def in i t ive phytoplankton sampling 

program is conducted. 
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Zooplankton—The appl icant 's statement that the zooplankton community 

"exhibited no distributional changes which could be attributed to the 

outfall" presumably implies that the appl icant contends that zooplankton 

within the; ZID of the exist ing outfal l are not different from those that 

would naturally <jccur in the absence of the outfal l . The appl icant 

collected <5ft1y $ single zooplankton sample in the immediate vicinity of the 

exist ing ZID, and it is not clear whether the net was towed within or 

immediately outside the- Z#3* Actually, this is of little consequence since 

zooplankton are carried about by movements of the water and hence are not 

permanent residents 0-f a given area. 

While the Shannon-Wiener diversi ty of the zooplankton collected near 

the existing outfall was slightly higher than that of the sample collected 

at the cor responding cont ro l site ( 2 . 8  9 vs. 2 . 8 0 )  , the zoop lank ton 

communities were markedly di ffe-f-$rtt, as evidenced by the separation of the 

existing outfal l sample from all f i ve other samples in the app l i can t ' s 

cluster diagram (Figure XI-8 of the application). Although the generation 

of this dendrogram could not be verif ied as part of this evaluation (see 

Part B, Section 6 a b o v e ) , it seems l ikely- that the uniqueness of the 

existing outfall sample was due to the abundance of larval barnacles and 

gastropods there, as suggested by the applicant. Whi le it is doubtful that 

an increased abundance of these forms would be re-1-aterf to the effluent 

discharge, it does open the question of the comparability of the outfall and 

"control" stations, where the abundance of these forms was considerably 

lower. The lack of replicate samples at each station precludes testing the 

significance of any observed differences in abundance, however. Certainly a 
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more comprehensive sampling program would be necessary to state definitively


that the existing discharge has not altered zooplankton communities in the


vicinity of the -outfall.


Beffthic Infauna—The applicant indicates that "Species richness, faunal


density., aftd diversity for benthos were depressed...at stations within and


immediately beyond the ZID." As discussed earlier in this evaluation, it is


unclear whether or not the applicant sampled benthic infauna within the ZID.


The sampling sites nearest the existing outfall. Stations Bl and 82, are


located about 158 * {518 ft) and 67 m (220 ft) beyond the ZID boundary,


according to calculations performed as part of this evaluation.


It was concluded as part of this evaluation that species richness,


faunal density, and diversity of fcenthi-c infauna appeared to be depressed at


Stations Bl and 82 relative to -communities at stations farther away from the


existing outfall. Limitations of the applicant's sampling procedures and


study design preclude a definitive assessment of impacts within the ZID.


The applicant's positive response to Question 7-2 seems appropriate


even if Stations Bl and B2 were beyond the ZID. In most instances, impacts


on benthic infaunal communities caused by a sewage discharqe are expected to


be greater within the ZID than beyond the ZID.


Rocky Intertidal--There are no intertidal habitats within the ZID of


either the existing discharge or the proposed discharge. Thus, Question 7-2


does not apply to intertidal communities.
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Fishes--The applicant again responds that the fish survey indicated "no 

distribute d-Ba-1: changes wh i ch c o u l d be a t t r i bu ted to the [exist ing] 

xoutfall .  This is not a reasonable conclusion based upon the limited fish 

survey conducted by the applicant. Trawl Station F5 apparently included the 

area witb-ift antf ^mediately beyond the ZID of the exist ing discharge. A 

large number of fish, consisting of only a single species, the scup, was 

collected at this station during the August , 1979, survey. The applicant 

does not suggest an fcxplana-tfon for the large concentration of scup at this 

site. It is possible that the trawl by chance sampled a school of scup 

traveling through the existing discharge area. Another possibility is that 

the fish are attracted to the e x i s t i n  g outfall to feed on d ischarged 

particulate matter or on benthic pr-$y items. Additional investigation is 

required to determine if scup or other f ish species are attracted to the 

outfal l . Therefore, it is n-o-t possible to conclude that the ex is t ing 

discharge has not altered the fish community within the ZID. 

The applicant predicts that f ish w f l  J not be severely impacted within 

the ZID of the proposed d ischarge. As Indicated under Question 7-1, 

sufficient data are not available to characterize the fish community at the 

proposed outfall. If fish are being attracted to the existing discharge, a 

similar situation may occur at the proposed site. Therefore, additional 

data are required to adequately eva lua te the potential impacts of the 

proposed outfall on the indigenous fish community. 
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Shel1fish--The applicant again responds that the shel l f ish survey 

indicated "no distr ibutional changes which could be attr ibuted to the 

[existing} outfall." This is not a reasonable conc lus ion based upon the 

limited shellfish survey conducted by the applicant. Station SF5 apparently 

included Sne area within and immediately beyond the ZID of the existing 

discharge.* The- substrate in the v ic in i ty of SF5 is not homogeneous. 

Because the shel l f ish dredge was probably dragged over a considerable 

d is tance, organisjn-s pre-ferring s p e c i f i c sediment types may have been 

combined in the SF5- s-asipl-e. Therefore, it is di f f icul t to determine if 

differences exist fee-tweert Shel l f ish assemblages wi th in and immediately 

beyond the ZID. It i$ not possible to conclude that the existing discharge 

has not altered the shellfish community within the ZID. 

The applicant predicts that the relocated outfall v»ill have a minimal 

impact on shel l f ish within th-e ZIB* As indicated under Quest ion 7-1, 

sufficient data are not available to characterize the shellfish community 

within the ZID of the proposed outfal l . In the cluster analysis, little 

similarity was noted between Stat ion SF14, in tne vicinity of the proposed 

outfall, and Station SF15, the reference site in Nasketucket Bay. Without 

further information on the nature of the shellf ish comnunity within the 

proposed outfall ZID, no c o n c l u s i o n  s may be made regard ing potential 

impacts. 

252




Question 7-3. Are there di f ferences between biological communities beyond 

the ZID and in control areas?--

The -applicant supplies a positive response to Question 7-3. 

Phytpftlaffkton—The applicant indicates that no impacts of the existing 

effluent discharge on phytoplankton were detected. With regard to an 

assessment of poS-sib-l-e d i f fe rences in the structure and function of 

phytoplankton comwjnitie-s beyond the ZID, it is important to note the 

locat ions of the statiorrs samp led by the app l icant (Figure 20) . As 

indicated above (Part B, Section 6, Phytoplankton, as well as in response to 

Question 7-2), both Stations PI and P2 appear to be beyond the ZID [167 m 

(548 ft) and 76 m (249 ft) from the outfall respectively, or 158 m (518 ft) 

and 67 m (220 ft) beyond the ZID-, respectively]. The next closest station 

(P7) is located approximately 2.^.1 kftj (1.65 mi) offshore from the existing 

outfall, and therefore might be considered to be a beyond-ZID station. It 

is not indicated whether this station was in the direction of current flow 

at the time of sampling, however, and it may have'been too far away from the 

outfall to detect an effluent-related effect 0ft phytoplankton. Ideally, it 

would have been more apropriate to have other phytoplankton stations in the 

direction of current f low at intermediate d is tances from the out fa l l , 

because phytoplankton are carried about by movements of the water and there 

may be a lag time in the response of phytoplankton to effluent inputs. 

Aspects of the detection of poss ib le outfal l -related effects on the 

structure of phytoplankton communi t ies were discussed in response to 
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Question 7-1 above. It was concluded that a more rigorous phytoplankton 

study would have to be conducted before it could be determined whether the 

effluent discharge had caused alterations in this community. 

Functional aspects of the phytoplankton community were not studied. 

Notably lacking are measurements of primary production of the phytoplankton, 

which might be expected to be affected by the discharge of sewage effluent. 

Either enhancement or inhibition of primary production may occur, since 

sewage effluent represents both a significant source of nutrients and a 

poss ib le source of inhibitory s u b s t a n c e s  . In the absence of direct 

measurements of primary production, est imates of phytoplankton abundance 

(cell counts or chlorophyll _a measurements) could be used for an examination 

of possible enhancement. Whi le eel? densit ies in the cirea of the outfall 

were not unreasonably high, the- possibility ex is ts that enhancement may 

occur at greater d istances fron* tfte outfall , or that it may occur during 

other times of the year, since the appTfcant conducted sampling over only a 

3-day period. Inhibition of primary p.roductio/1 cannot be detected by 

examining data on phy top lank ton abundance ; in the absence of direct 

measurements of primary product ion, notfci tng is known about possible 

inhibitory effects of the New Bedford effluent discharge. 

Zoop1ankton--The applicant indicates that no- impacts -of the existing 

effluent discharge on zooplankton were detected. As discussed in detail in 

the evaluation of Part B, Section 6, and in the response-; to Questions 7-1 

and 7-2 above, the extremely l imited nature of the zsoplankton sampling 

program renders the appl icant 's conclusions very tenuous. With regard to 
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differences in the structure and function of zooplankton communities beyond 

the ZID, the paucity of sampling locations beyond the ZID and the failure to 

note ths stats of the tide at the time of sampl ing make it difficult to 

determine whether such differences actually occur. Sampling would have to 

be conducted at a greater number of stations beyond the ZID and at different 

tidal $t^ges In- -order to determine whether the exist ing discharge has 

adverse effects on the structure and function of the zooplankton community 

beyond the ZID. 

Benthic Infauo-a—In response to this question, the applicant states 

that: 

"Impacts of the appl icant 's Outfall on the benthic community 

were found to extend at least 25 m from the outfall location. 

The 25 m station was impacted and the limit of the impacted zone 

was less than 640 m from the outfall." 

The appl icant 's assessment of discharge-induced impacts on benthic 

infauna beyond the ZID appears reasonab-1-e* As noted in the evaluation of 

Question 7-1 above, however, the appl icant has not clearly defined a BIP of 

benthic infauna for the exist ing d ischarge area. Based on the results of 

the appl icant 's benthic surveys, it appears that th-e existing discharge 

causes alterations of the structure of benthic infauna? communities beyond 

the ZID r e l a t i v  e to the s t ruc tu re of a BIP c h a r a c t e r i s t i  c of this 

biogeographic zone. Without ver i f ica t ion of the applicant's results by a 

more intensive survey, this conclusion must remain tentative. 
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Rocky Intertidal--Although the applicant recognizes impacts on benthic 

macrofauna caqs-ed by the exist ing discharge, the applicant indicates that 

"no otfter imp-acts on the other c o m m u n i t i e s w e r e detected in the 

distributional studies." As discussed earlier in the evaluation of Question 

7-1, tire studies- of intertidal assemblages were inadequate for assessment of 

the potential effects of the discharge. 

Fishes--The appHsant states that, as indicated in the responses to 

Questions 7-1 and 7-2, "no- -other impacts [other than on benthos] on other 

communities were detected !n the distributional studies." This is not a 

reasonable conclusion based upon the limited f ish data provided by the 

appl icant. Trawl Station F5 apparently included the area within and 

immediately beyond the ZID of the existing discharge. Therefore, because 

fish from both areas were sampTed together, it is not possible to determine 

if the fish community immediately beyond the ZID has been impacted by the 

existing discharge. As indicated under Question 7-2, a large number of scup 

was collected at F5, The applicant does not suggest an explanation for this 

large collection of fish. It is possible tfrat by chance the trawl collected 

a school of scup passing through the existing discharge area, or that the 

species was actual ly attracted to the exis t ing out fa l l site. Further 

studies are required to document fish attraction to the existing outfall. 

The applicant predicts that no adverse impacts on the fish community 

beyond the ZID of the proposed outfall will occur. The data provided by the 

applicant are not suf f ic ient to substant iate this conc lus ion . If fish 
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attraction is occurring at the exist ing site, a similar situation may 

develop at the proposed outfall. Therefore, additional studies are required 

to adequately evaluate potential impacts of the proposed discharge on the 

fish consntmity beyond the proposed ZID. 

isfr— The applicant states that, as indicated in the responses to 

Questions 7-1 and 7-2, "no other impacts [other than on benthos] on other 

communities were detected" iff the distributional studies." This is not a 

reasonable conclusion based upon the limited shellfish data provided by the 

applicant. Station S?5 included the area within and immediately beyond the 

ZID of the existing discharge Therefore, because shellfish from both areas 

were sampled together, it is not possib le to determine if the shellfish 

community immediately beyond the- ZID has been impacted by the existing 

discharge. 

The cluster analysis indicated tfiat the ex is t ing outfall Station SF5 

and one beyond-ZID site, SF4, were similar.. However, this resemblance 

appears to be based only upon the abundance of Mercenaria at both sites. 

Station SF20, also located beyond the exHtirtg ZID, did not cluster with the 

former sites, probably due to its lower abundance of Mercenaria. Sampling 

effort may have var ied among these s tat ions, and therefore the species 

abundances may be biased. Further data are required: to determine if the 

existing outfall has impacted shellfish beyond the ZID. 

The appl icant predicts that no a d v e r s  e impacts on the shel l f ish 

community beyond the ZID of the proposed outfall will occur. As previously 
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indicated, the applicant did not adequately characterize the nature of the


shellfish community in the vicinity of the proposed outfall. Therefore,


additions! data *r$ required to evaluate potential impacts on the shellfish


community beyond; tfte proposed outfall ZID.


Question 7-4. Has the discharge caused increases in abundance of marine


plants or animals not characteristic of the area?--


The applicant supplies a- negative response to Question 7-3.


Phytoplankton—The applicant responds that "No increased populations of


nuisance or toxic species were encountered in this study. ' Among the marine


phytoplankton, species commonly believed to be nuisance species are


generally dinoflagellate species associated with red tides. The applicant


notes that species of Gymnodinfum and other dinoflagellate genera were found


at all stations, but that they were always present in low densities and no


toxic species were identified. In New England, red tides which have caused


paralytic shellfish poisoning (PSP) are associated with blooms of Gonyaulax


tamarensi s, but the a p p l i c a n t does not l i s t Gonyaulax among the


dinoflagellate genera identified during the COM phytoplankton study. Its


absence from the area during the limited duration of the pbytoplankton study


does not mean that it never occurs in the area, however. Red tides have


never been reported from the New Bedford area, and tfce closest they have


occurred to New Bedford is in the Falmouth area, approximately 24 km (15 mi)
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from New Bedford on the opposite side of Buzzards Bay3. The extent to which 

the discharge of sewage effluents in the New Bedford area will enhance the 

growth of red-tide organisms in the future is unknown. 

BentJvtc Infatfaa--The appl icant does not d iscuss the possibility that 

the discharge causes increases in the abundance of any benthic species not 

characteristic of the biogeographic zone in which the outfall is located. 

Despite the limitations of the data on which the applicant's assessment is 

based, the infauna} species which appear to dominate the area "near" the 

outfall (Stations 61 and 82) are character is t ic of the biogeographic zone, 

and are not considered to be nuisance species. 

Rocky Intertidal--The applicant states that "No increased populations 

of nuisance or toxic species were encountered in this study...." Based on 

data provided by the appl icant, Baigmjs ba lano ides and Fucus vesiculosus 

appeared to be the dominant f-aunal and floral spec ies, respectively, in 

intertidal communities at Stat ion II located direct ly inshore from the 

existing discharge. These species are not cons-i-dered to be nuisance or 

toxic species. 

Fishes—During the fish survey conducted by the applicant a large catch 

of scup was col lected at S ta t ion F5, apparen t l y located wi th in and 

a Personal communication (phone) on September 14, 1931, by Dr. Lawrence 

E. McCrone, with Mr. Richard Packard, Mass. Dept. Environmental Quality 

Engineering, New Bedford, Massachusetts. 
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immediately beyond the ZID of the exist ing d ischarge. It remains to be 

determined whether the concentration of scup was a chance occurrence or if 

this species is attracted to the ex is t ing outfall. Scup are characteristic 

of the biogeographlc Z0ne in which the exist ing outfal1 is located and are 

also known to display highly localized distributions. It is unlikely that 

the proposed outfall will cause an increase of fish species which are not 

characteristic of southern Massachusetts coastal waters. 

She! 1 f ish--Th;e data provided by the appl icant do not indicate the 

presence of uncharacteristic, shel l f ish species within or beyond the ZID of 

the existing discharge. The- dominant species collected at the existing 

discharge station, SF5, was Mercenaria, an economically important shellfish. 

Question 7-5. Have pollution-resistimt species become dominant?--

The applicant supplies a positive response to Question 7-5. 

Benthic Infauna--The applicant states that: 

"Benthic communities within the ZID ana immediate!/ beyond the 

ZID (25 m) were dominated by the opportunist ic polychaetes 

Capitella capitata and Nereis succinea, respectively," 

As discussed earlier in this evaluation, the applicant may not have 

sampled benthic infauna within the ZID of the existing: discharge. It is 

apparent from the app l i can t ' s d iscuss ion in Appendix XI that "within the 
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ZID" refers to Station 81. Thus, it is assumed herein that the a p p l i c a n t ' s 

statement quoted above implies that the i n f auna l community at Station Bl is 

dominated by Q a p i t e l l a c a p i t a t a , a species o f ten i n d i c a t i v e of organic 

po l lu t ion ( c f . Pe-arson and Rosenberg 1978). The data presented by the 

applicant do not support the as se r t ion that £. capitata is dominant w i t h i n 

the ZID. Curing the May, 1979, survey, _C. capitata was collected at Station 

Bl, but it was not a d o m i n a n t species in the s a m p l e s . The abundance of 

£. capitata at Station SI during the August , 1979, survey is not referred to 

by the a p p l i c a n t . £. cap-i.tata was exc luded f r o m the c lus t e r and nodal 

analysis because it occurred: in less t h a n 10 percent of the total number of 

samples taken dur ing- the survey. However , e x c l u s i o n does not imply that 

Cap i t e l l a c a p i t a t a was not a b u n d a n t a t one or more s t a t i ons , i n c l u d i n g 

Station 81. £. capitata could have been d o m i n a n t at Station Bl du r ing the 

August survey, whi le occurring in Jess, than 10 percent of al l samples. 

The app l i c an t ' s statement that Nereis s u c c i n e a is dominant beyond the 

ZID is p r e s u m a b l y based on noda l a n a l y s i s ^ , w h i c h showed c o i n c i d e n c e of 

Nereis sp. with Station B2 ( F i g u r e X I - 6 of the a p p l i c a t i o n ) . [L imi ta t ions 

of the nodal analysis performed by the applicant were discussed earl ier in 

t h i s e v a l u a t i o  n ( P a r t B , S e c t i o n 6,. S e n t h i  c I n f a u n a  , S t a t i s t i c a  l 

Ana lys i s ) . ] Moreover, N e r e i s sp. occurred in o n l y one of three repl icate 

samples taken at Station 82. A g a i n , the app l i c an t does net provide data on 

the absolute or relat ive abundances of each species at each station sampled 

dur ing August, 1979. W i t h o u t such da ta , the a p p l i c a n t ' s conc lus ion that 

Nereis succinea is dominant immediately beyond the ZID is unsubstant iated. 
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It seems unlikely that the existing discharge would be responsible for 

domination of commun i t i es w i th in or immed ia te ly beyond the ZID by 

—• Succ1ne-a. Although _N. succinea was found at Stations Bl and B2, it was 

also fatiJJd at several sites farther, away from the discharge, including 

Station £0- in Nas-ketucket Bay. Communities at Station 20 are probably not 

affected by the existing discharge. 

The applicant does not address the occurrence of other infaunal species 

indicative of organic fcftHcnment, which were col lected during the August, 

1979, survey. Streplgspio benedicti [a polychaete species often associated 

with organic enricnraent (Pear-son and Rosenberg 1978)] wcis found at Station 

Bl and at several other stations (B6, BIO, and B12) beyond the ZID. Other 

studies performed during NovemberT 1975, suggest that Capi te l l idae are 

sometimes overwhelmingly dominant in benthic infaunal communities off the 

New Bedford coast [Kelly (1978), in T a b l  e X I - 8 of the appl icat ion]. 

According to the app l i can t ' s May, 1979, results, Medionastus ambiseta is 

dominant in some a reas beyond the ZID pf the e x i s t i n  g d ischarge. 

—' ^P is eta way be indicat ive of moderate organic pollution (Pearson and 

Rosenberg 1978). Based on the ava i lab le information, it is not possible to 

definitely determine if the existing discharge causes domination of benthic 

infaunal communities within or beyond the ZID by Streblospio benedicti or 

Mediomastus ambiseta. 

Rocky Intertidal--Although the appl icant recognizes the occurrence of 

opportunistic benthic species near the outfal l , the applicant states that 

"No other dense populations of pollut ion resistant species from any of the 
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communities studied were encountered." It was concluded earlier that the 

applicant's intertidal studies are inadequate for assessing impacts of the 

existing discharge. Nevertheless, these studies suggested that Balanus 

and Fucas vesiculosus are the dominant fauna! and floral species, 

respectively, at a sampling location (Station II) directly inshore from the 

e x i s t i n  g o-tftfal 1 . T h e s  e s p e c i e  s a re no t c o n s i d e r e  d to be 

pollution-resistant species. 

Question 7-6. Has tfte discharge adversely affected any distinctive habitats 

of limited distribution?--

The applicant supplies a negative response to Question 7-6. 

Fishes--The applicant does -no-t indicate the locat ion of important 

spawning, breeding, or foraging areas for the major indigenous fish species 

in New Bedford Harbor. It is likely that such areas do exist within the 

harbor; however, no information is ava i lab le on these locat ions. The 

applicant does not present the weight and l^rrgtft data for the fish species 

which were collected. Therefore, it is not possible to ascertain whether 

juvenile or adult fishes utilize the harbor area. 

The applicant did indicate that spawning alewrves. annually ascend the 

Acushnet River by way of New Bedford Harbor. 

Without additional information, it is not possible to determine the 

impact of the exist ing or proposed discharges on important fish habitat 

areas. 
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Shell fish—It seems l ikely that the ex is t ing discharge has adversely 

impacted eeonoflrically important shel l f ish beds within New Bedford Harbor. 

The discharge has probably cont r ibu ted to co l i form bacteria and PCB 

contamination in shellfish; however, the relative contributions of this and 

other pollutant sources remain to be quantif ied. As a result of this 
V 

contamination, most shellfish beds in New Bedford Harbor are closed to both 

commercial and recreat3oftaT fisheries. 

With improved treatment,, the coliform bacteria levels at the proposed 

outfall should be reduced and this may m i n i m i z e the possibi l i ty of 

contamination. However, low levels of PCBin the effluent of the proposed 

discharge could cause shel l f ish to become contaminated at the site, and 

thereby prevent exploitation of the resource. 

Question 7-7. Has an increased incidence of d isease in marine organisms 

been noted?— 

The applicant supplies a negative response to Question 7-7. 

No evidence of fish disease was apparent on any of the 1,429 fish 

collected by the applicant during August, 1979. Ftsh disease has not been 

previously recorded in New Bedford harbor3. Based OB these data, the 

a Personal communication (phone) on September 8, 1981, by Mr, M. Griben with 

Andrew Kolek, Massachusetts Division of Marine Fisheries, Sandwich, MA. 
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existing outfall does not appear to be a disease epicenter for fish within 

New Bedford Harbor. It is reasonable to assume that with improved treatment 

and relocation of the outfall that fish disease will not increase. 

No fnfortj$tfon is available regarding disease of other organisms in New 

Bedford Harbor. 

Question 7-8. Is tftere evidence of an abnormal body burden of tox ic 

material in marine 

The applicant supplies a positive response to Question 7-8. 

The applicant acknowledges th$t "Analyses conducted on shellfish tissue 

for trace metals and organics stiow that bioaccumulat ion is occurring." 

Although the applicant's studies indicated that several metals (e.g., Cr, 

Cu, Ni , Zn) occurred at higher concentrations in shellfish samples near the 

outfal l when compared w i t h surrounding areas-, the s tud ies were so 

superficially described that the results caranat be relied upon to provide a 

def in i t ive demonstrat ion of increased b-ioaccumulation at the exist ing 

outfall. Notably lacking are descr ipt ions of tissues analyzed and species 

collected at each stat ion. If it is assumed that such parameters were 

consistent among stations, then the data do suggest bioaccumuTation near the 

existing New Bedford outfal l . The potential for bioaccumulation near the 

outfall is also indicated by the COM sediment survey. Elevated sediment 
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concentrations of several metals and PCBs were detected at two stations near 

the outfall. 

The applicant recognizes that high levels of PCB contamination occur in 

fish and shellfish in the New Bedford area. The PCB contamination has 

resulted in cltf$tffes of several areas to the harvest ing of some fish and 

shellfish (see description in Part B, Section 6, Commercial and Recreational 

Fisheries). The applicant1'*, data indicated very low PCB concentrations (_< 

0.001 mg/wet kg) in shellfish (spec ies and t issue unspecified) collected 

near the existing and proposed discharges. 

The results of the applicant's PCB analyses are contradictory, however, 

to other data from the area, which: indicate elevated PCB concentrations in 

several marine organisms throughout New Bedford Harbor, including the 

vicinity of the existing outfatU 

No tissue samples from the immediate vicinity of the existing outfall 

have had PCB concentrations exceeding th-$ FDA action level of 5 mg/wet kg. 

This may be due to a lack of sampl ing effort at the outfall station [e.g., 

Kolek and Ceurvels (1981) present data for only one quahog sample from the 

outfall station]. Quahogs a l so contained re lat ively low PCB levels when 

compared with other organisms. Lobster, American eeT, soft-shelled clam, 

and flounders were not collected for PCB analysis near tfre existing outfall, 

but the organisms had relatively high PCB leve ls (including many exceeding 

the FDA action level) throughout the area. 
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Question 7-9. Have there been any adverse effects on commercial f ishes?— 

The applicant supplies a positive response to Question 7-9. 

The applicant contends that "the outfall contributed, but is not the 

sole source of adverse effects on the commercial and recreational fisheries 

within or beyond the zone of initial dilution." 

The applicant f>reseftt$ a very l imited descr ipt ion of commercial and 

recreational fisheries in ffew Bedford Harbor. No discussion is provided on 

the magnitude of the fisherie$ or the productivity of important fish stocks. 

The spatial distributions of the fishery species within the harbor are not 

described by the app l i can t , nor are s p a w n i n  g a r e a  s of the species 

identified. 

Pollution has adversely impacted the f ishery resources of New Bedford 

Harbor. The existing discharge has likely, contributed to the high levels of 

co l i fo rm bacter ia wi th in the harbor, which resulted in the c losure of 

shellfish beds. 

PCB contamination has resulted in the c losure of large areas of New 

Bedford Harbor to commercial and recreat ional fisheries for shel l f ish, 

c rus taceans, and bot tom- feed ing f i sh . The applicant ind icates that 

currently only trace leve ls of PCBs occur in the effluent of the existing 

discharge. 
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The applicant predicts that , w h i l  e t r a c  e amounts of PCBs may be 

discharged at the proposed site, no adverse impacts on fish or shellfish 

should occur* No data were provided to substantiate this conclusion. 

According to the applicant, improved treatment at the proposed outfall 

should reduce th-e high levels of co l i fo rm bacter ia, and therefore not 

adversely impact shellfish. This is a reasonable assumption. 

In conclusion* contamination of the available fishery resources by PCBs 

and coliform bacten> limit f ishing opportunities in New Bedford Harbor. 

The existing outfat] has liJ<$-ly contributed to harbor pollution; however, 

the extent of the discharge's contribution remains to be quantified. With 

improved treatment of the effluent discharged through the proposed outfall, 

coliform bacteria levels should be reduced. However, tne trace amounts of 

PCBs in the current discharge- are "Hfcely to be present in the effluent 

discharged at the proposed aatfall s-fte. The effect of low-level PCB 

contamination on fishery resources warrants further investigation prior to 

concluding that no adverse effects will occur. 

Question 7-10. Has there been any record of mass mortality of fishes or 

invertebrates in the area?--

The applicant supplies a negative response to Question 7-10. 

The applicant states: "No mass mortalities of finff$h or invertebrates 

have been reported from the area or were detected during the current study." 
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However, mass mortal i t ies of menhaden have occured inside the hurricane 

banner of inner New Bedford Harbor during 1976, 1977, and 1978a. Such 

kills we.fe: reported in several Massachusetts coastal areas, however, and no 

specific -cause has been identified. 

Red; t-ide*.,. which in other a r e a  s may resul t in f ish ki l ls and/or 

restrictions on the consumption of shel l f ish, have not occurred in the New 

Bedford areab. 

No information fs available regarding mass mortalities of invertebrates 

in the New Bedford area. 

a Personal communication (phone) on September 8., 1981, by Mr. M. Griben with 

Andrew Kolek, Massachusetts Division of Marine Fisheries, Sandwich, MA. 

b Personal communication (phone) on September 14, 1981+ by Dr. L. McCrone 

with Mr. Richard Packard, Massachusetts Department of Environmental Quality 

Engineering, New Bedford, MA. 
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Question 7-11. Have any other adverse ecological impacts been noted?--

The applicant supplies a negative response to Quesfon 7-11. 

Although tfre applicant's studies of some biotic groups (i.e., plankton, 

fishes, shsHfisft} are quite limited, the data supplied fcy the applicant and 

information collected as part of this evaluation do not reveal the presence 

of impacts not a<J<iress«<i in the p r e v i o u  s q u e s t i o n s  . It should be 

emphasized, however* t-fr-a/t more ex tens ive surveys wot Id be required to 

demonstrate or predict impacts of either the e x i s t i n  g or proposed 

discharges. 

Question 7-12. Has the discharge enhanced, or will it oerpetuate, adverse 

conditions resulting from other pollution sources?--

The applicant does not respond to this question because the receiving 

waters in the vicinity of the proposed outfall are not considered by the 

applicant to be stressed. No mention is m$de of the receiving waters in the 

vicinity of the existing outfall. 

Information acquired as part of this evaluation strongly suggests that 

New Bedford Harbor, including the vicinity of the existing outfall, should 

be considered to be a stressed environment. Severe restrictions have been 

placed on the commercial and recreational harvest ing of certain fish and 

shellfish species in New Bedford Harbor due to colifsm bacteria and PCS 

contamination (see Commercial and Recreational Fisheries subsection of Part 
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B, Section 6 above). The sources of the bacterial contamination include 

both combined sewer overflows and the existing sewage outfall. The sources 

of the PCB £0-rjta0iination were primarily industrial d ischarges, but also 

included PCB emissions in the New Bedford sewage effluent. In addition, 

there i$ evidence that some pollution of the harbor is occurring from heavy 

metal aecumulatfd-fl-s (see Bioaccumul ation subsection of Part B, Section 6 

above) . It seems l i ke ly that the New Bed fo r  d s e w a g  e d ischarge has 

contributed to all of tftes-e pollution problems, but the applicant does not 

present adequate information to estimate the contribution of sewage effluent 

relative to other potJutant sources. 

Due to the severe widespread contamination, New Bedford Harbor should 

be considered stressed. Somewhat surprisingly, however, Kolek and Ceurvels 

(1981) reported that: 

"We have observed no overt e f fec ts of PCB uptake on marine 

organisms in the area, even though some contained PCB levels 

exceeding 100 t imes the FAL. Grass -inspection revealed no 

abnormalities or indications of disease symptoms in any of the 

animals sampled and/or observed. Seasonal development of the 

reproductive organs of the f i n f i sh examined appeared to be 

normal." 

Nevertheless, removal of the sewage discharge from its present location can 

only improve the stressed conditions. Even if there are no overt effects to 

be mit igated, reduction in at least some of the inputs of the var ious 

pollutants may hasten the recovery of the system. 
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There remains, however, some question over whether the receiving waters 

in the vicinity of the proposed outfall should be classified as stressed. 

Present strict ions on commercial andrecreational fishing and shell fishing 

extend nearly to- the site of the proposed outfall (see Figure 24), and Kolek 

and Ceurv6-J$ £19#1) report that lobsters having PCB concentrations exceeding 

the Federal Action Level have been co l lec ted at a stat ion beyond the 

restricted zone and near Ifve proposed outfall. Additionally, Stoffers et 

al. (1977) character-fee, sedfrnents in the vicinity of the proposed outfall as 

being "slightly contaminated:'" based on copper concentrations. Any further 

releases of contaminated wastewater at the site of the proposed outfall may 

aggravate a potentially stressed environment. The applicant should have 

supplied reasons why it contends that its proposed discharge wil l not 

perpetuate adverse ecological alterations due to other sources of pollution. 

Question 7-13. Will the proposed improvement eliminate adverse ecological 

impacts attributable to the existing discharge?--

The applicant originally supplied a negative response to Question 7-13; 

however, in a letter from the Ma jo r o-f the city of New Bedford, John 

A. Markey, to the U.S. EPA301(h) Rev iew Group, dated January 2, 1980, the 

response was changed to an affirmative one. 

Phy top lank ton - -The a p p l i c a n  t does not refer s p e c i f i c a l l  y to 

phytoplankton in response to this question, but it is apparent from the 

responses to Questions 7-1, 7-2, and 7-3 that the applicant believes that 
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phytoplankton have not been adversely af fected by the existing discharge. 

Hence, the applicant probably contends that there is no adverse ecological 

impact -on phytoplankton to be eliminated by the proposed improvement. 

As .dfscussetf In detail in the evaluat ion of Part B, Section 6, and in 

the responses td Questions 7-1, 7-2, and 7-3 above, the phytoplankton 

sampling program was so l imi ted in scope that a def in i t ive judgment 

regarding poss ib le adverse impac ts of the ex is t ing d ischarge on 

phytoplankton could nqt ke made. Nevertheless, if there are presently 

adverse impacts on phytopTattkton in the v ic in i ty of the existing outfall, 

they would likely be eliminated by the proposed outfall relocation. It also 

appears likely that the potential for adverse impacts on phytoplankton at 

the site of the proposed discharge would be markedly less than at the 

existing discharge site, due to greater anticipated dilution at the proposed 

site. 

The failure to investigate poss ib le enhancement or inhibition of 

primary production by the ex is t ing discharge is a ser ious omission which 

precludes accurate prediction of such effects $t the proposed outfall. The 

restriction of the effluent plume to suks-urface depths during periods of 

maximum stratification should reduce the likelihood of enhancement or 

inhibition of phytoplankton primary production at the site <jf the proposed 

outfall, but it is impossible to predict what wil l happen during periods 

when strat i f icat ion is insuff ic ient to restrict the effluent plume to 

subsurface depths. 
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In summary, too little information is supplied by the applicant to 

verify either its prediction of lack of interference with the protection 

and propagation of a B IP of phytoplankton, or its prediction of a lack of 

differences in the structure and function of the phytoplankton community 

beyond #>e ZID. 

Zoop1ankton--Whi1 e the app l i can  t does not refer speci f ica l ly to 

zooplankton in response- to- shis question, it is clear from the responses to 

Questions 7-1, 7-2, ami 7*3 that the appl icant bel ieves that zooplankton 

have not been adversely affected by the exist ing discharge. Hence, the 

applicant probably contends that there is no adverse ecological impact on 

zooplankton to be eliminated by the proposed improvement. 

As discussed in detail in th$ evaluation of Part B, Section 6, and in 

the responses to Questions 7*1 and 7-2 above, the zooplankton sampling 

program was so limited in scope that no definit ive judgment can be made 

regarding possible adverse impacts of the existing discharge on zooplankton. 

Nevertheless, it appears likely that the potential for adverse impacts on 

zooplankton at the site of the proposed discharge woulc be markedly less 

than at the existing discharge, due to the greater anticipated dilution at 

the proposed site. However, too little information is suppl ied by the 

applicant to verify either its prediction of lack of interference with the 

protection and propagation of a BIP of zooplankton, or its prediction of a 

lack of d i f ferences in the s t ruc tu re and function of the zooplankton 

community beyond the ZID. 

274




Benthlc Infauna--The applicant states that: 

"ttve marine benthic community as wel l as other communities will 

be minimally affected, even within the Zone of Initial Dilution 

(ZID-) at tfte improved di scharge/d i f f user location. The 

predicted settling rates for the suspended solids remaining in 

the primary effluent should be less than the natural ambient 

settling rate at the- new diffuser location." 

and that: 

"the spatial extent of the degraded area will approximately be 

within the ZID. Wi th in th-e ZID area, the indigenous benthic 

community will be disturbed ami some species may be eliminated 

as others become established-. The net ef fect wi l l likely be 

some measureable decrease in benthic standing stocks within this 

area." 

While the applicant predicts that a "degraded area" may occur within the ZID


of the proposed discharge, the applicant also maintains that the proposed


discharge will not interfere with a BIP beyond the ZID.


The applicant fails to provide a theoretical or empirical basis for


predicting that settling rates of effluent solids, which afe predicted to be


less than natural sediment deposition rates, will result tn minimal impacts


on benthic infauna. The applicant does not compare predicted sediment
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accumulation rates due to the proposed d ischarge with natural conditions. 

It is conceivable that under some condit ions sewage solids deposition rates 

that are le$$ than ambient sediment deposition rates could result in adverse 

impacts on bentfcic infauna. Moreover, high initial dilution and prevailing 

offshore transport, as pos tu la ted for the proposed discharge by the 

applicant, <Ja not in themselves ensure that adverse impcicts on benthos will 

be minimal. 

The results Qf th-e 1579 benthic surveys provided no evidence that 

adverse impacts of ths existing discharge are limited to the ZID. Rather, 

if station coordinates provided by the appl icant are correct, then the 

existing discharge may cause a major reorganization of benthic infaunal 

community structure at distances up to about 167 m (548 ft) beyond the ZID 

boundary (i.e., at Station Bl). 

In Appendix XI, the applicant compares the proposed discharge with a 

discharge off Point Loma, California. Since no "degraded" area was found by 

Bascom et al. (1978) around the Point Loroa outfaTl, the applicant concludes 

that adverse impacts of the proposed New Bedford discharge will be limited 

to bottom areas within the ZID. It was concluded earlier in this evaluation 

that the applicant's prediction of benthic impacts based upon a comparison 

of the proposed discharge with the Point Loma discharge is Inappropriate. 

Thus, the applicant has little valid basis for suggesting that adverse 

impacts of the proposed discharge on benthic infauna will be limited to the 

ZID. 
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Although the applicant offers a fair interpretation of the effects of 

the existing discharge on benthic infauna (see above, Part B, Section 6, 

Benthiq infaya}., the a p p l i c a n t '  s pred ic t ion of impacts caused by the 

proposed discharge is incomplete. For example, although the applicant 

recogni$e$ that there may be "some measurable decrease in benthic standing 

stocks" withirt the- ZID of the proposed discharge, the applicant fails to 

discuss the potential decrease in species richness and diversity which may 

be caused by the discharge. In addit ion, the appl icant has not addressed 

the potential for pollution-resistant species to dominate communities within 

the ZID of the proposed dis-charge. Recall that the opportunistic polychaete 

worm Nereis succi.nfea appears to dominate the fauna near the existing 

outfall. 

Quantitative relat ionships between initial dilution or net sediment 

accumulation rates and impacts ofl bentbic communities cannot be postulated 

at this time, but it seems t fke ly that complet ion of primary treatment 

facilities and relocation of the outfall win mitigate some effects of the 

existing discharge. Based on the avai lably data, however, it is impossible 

to predict the extent to which the proposed improvement wi l l eliminate 

possible adverse impacts of the existing discharge. 

Rocky Intertidal--After d i s c u s s i n  g potential impacts on benthic 

communities, the appl icant s tates that "It is predicted for the other 

communities living in proximity of the proposed improved outfall, that there 

will be minimal impact ana l im i ted to the ZID." Since no intertidal 

habitats are found in the immediate v ic in i ty of the proposed diffuser, the 
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applicant's statement implies that there will be no impact of the proposed 

discharge on intertidal communities. 

Based: on an assessment of impacts caused by the existing discharge, the 

applicant predicts that the proposed discharge will cause no perturbations 

of interttd^T: fauna and f lora (see Appendix XI of the application). 

However, the app l icant 's assessment of intertidal impacts caused by the 

existing discharge i$ Inadequate because of the limitations of sampling and 

study design discussed earlier in this evaluation. Potential impacts of the 

proposed discharge on intertidal communities are therefore inadequately 

assessed by the app-Heant. 

Because the proposed discharge will be located farther from intertidal 

habitats than the existing discharge, it seems likely that any impacts of 

the proposed discharge on intertidal communities wi l l be less than those 

presently caused by the exist ing discharge. Based on the information 

provided by the appl icant, however, it is diff icult to determine if the 

proposed outfall improvements and relocation wi1> entirely eliminate adverse 

impacts of the existing discharge on intertid.al communities (if any adverse 

impacts presently occur). 

Fishes--The applicant predicts that "for the -other coromunities [with 

the exception of benthos] l iving in proximity of the proposed improved 

outfall ,...there wil l be minimal impact and limited to the ZID." The 

applicant does not specify the types of impacts which may occur to the fish 

community within the ZID of the proposed discharge. The nature of the fish 
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community at the proposed site is not adequately character ized by the 

applicant* If fish attraction is occuring at the exist ing discharge, a 

similar situation: fliay develop at the proposed outfal l . Furthermore, the 

applicant does not address the consequences of potential PCB contamination 

upon the fi$ftery resources in the vicinity of the proposed site. It is 

possible that commercial and recreational fisheries may be restricted if 

high PCB levels occur in fi$4t> shellfish, or crustacean tissues. 

Therefore, it is not dear that adverse impacts on fishes and fisheries 

associated with the: e-xistin-g d ischarge wil l be eliminated at the proposed 

outfall. 

Shell fish--The applicant predicts that "for the other communities [with 

the e x c e p t i o n o f b e n t h o s ] 3 i v i n  § in p r o x i m i t  y o f the p r o p o s e d 

outfal 1 ,.. .there will be minimal impact and limited to the ZID." The 

applicant does not specify the types o-f mp-acts- which may occur in the 

shellfish community within the ZID of the proposed discharge. The nature of 

the s h e l l f i s  h a s s e m b l a g  e at the pro-po-setf s i te is not a d e q u a t e l y 

characterized by the applicant. However> If shellfish do inhabit the site, 

they may be potentially impacted by the low-levels of PCBs occurring in the 

effluent of the proposed discharge. As descr ibed In the Commercial and 

Recreational Fisheries section of this evaluation, shellfish in New Bedford 

Harbor have been contaminated by PCBs and col i form bacterfa. While improved 

treatment should reduce col i form bacteria levels at the proposed site, PCBs 
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may ren^^.^pMblera. Therefore, it is not evident that the shellfish PCB 

contamiif^:$|iW:p^:^ems in the vicinity of the exist ing discharge will be 

elimina££i|!at tlfeftproposed site. 
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Section 8. Recreational Impact Assessment


IdentifiCA£i-f>ft of Recreational Activities—


The applicant reports that the area of Buzzards Bay around Clarks Point


and New $edfor-d supports numerous recreational activities, including:


• Fishing ami sfrellfishing


• Boating


• Swimming and wading


« Picnicking and other bea-ch activities.


The location of some of these activities is shown in Figure 27.


The applicant identifies general -reference sites with si m i l a r


recreational activities along the coastline of Massachusetts. As with the


New Bedford area, beaches and recreational areas that are in close proximity


to large urban populations reveal pollution impacts on recreation. The


pollution which has adversely affected some recreational activities in the


New Bedford Harbor area cannot be entirely attribut-ed: to the existing


effluent discharge. The applicant predicts that extension of the outfall


will eliminate the contribution of the discharge to the problem in the harbor


area.
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Figure 27. Recreational activities near the existing and

proposed New Bedford, MA, plant outfalls.
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The applicant does not p r o v i d  e any in format ion on the extent of 

recreations} activities in the area in terms of the number of boats moored 

in the area, pe-rs-otf-day use of the beaches, or statistics on the type and 

quantity of fisft or shell f ish harvested. The locat ion of swimming and 

fishing ar«as i$ not identified by the applicant. 

Impacts on Fishing—-

The applicant; Indicates that the p r o p o s e  d out fa l l and improved 

discharge are not e-xpected to have any adverse effects on fish and shellfish 

due to low concentrations of contaminants and expected dilutions. However, 

no data are presented in this sectf-on which indicate that possible impacts 

on f ish or shel l f ish were thotr<su<jftJy examined. Recreat ional harvest 

information was not provided nor were, the results of any studies concerning 

the occurrence of disease or heavy metals in organisms found near the 

outfall. This is discussed in more detail in Part B, Section 6. 

The appl icant s ta tes that the harvesting of c lams is currently 

restricted in some areas due to high co-liform bacteria counts and the 

presence of PCBs. The State Department of Environmental Quality Engineering 

(DEQE) attributes partial responsibility for the closure- to ttte existing New 

Bedford outfall and the lack of rel iabil i ty of the loc&l treatment plants. 

In 1977, DEQE (according to the appl icant) issued a earning that it was not 

advisable to harvest and consume shellfish, lobsters, or any bottom-feeding 

fish in some areas off New Bedford due to high PCB levels. As discussed in 

283




the Commercial and Recreational F isher ies portion of Part B, Section 6 of 

this evaluation, the Massachusetts Department of Public Health (MDPH) not 

DEQE, issued the. warning. In 1979, MDPH c losed several areas near New 

Bedford due to ofc$e:rved PCB levels. Elimination of PCB use by industries in 

the service area has reduced ef f luent concentrat ions to trace leve ls ; 

however, the chemical is persistent and the effects will be felt for some 

time. The improved discharge should reduce the contr ibut ion of the New 

Bedford plant to the califo^rfrp related problems in the area. 

Restrictions on Shellfish $34 Fish Harvesting--

As stated above, harvest ing is restr ic ted in some areas near the 

discharge. MDPH issued a waririnx? in 1977 concern ing harvest ing and 

consuming of lobsters and bottorafisft. The Department of Public Health 

closed New Bedford Harbor and etdjac-etit areas of Buzzards Bay in 1979 due to 

PCB levels. The inner harbor area is- c losed to the tak ing of all fish, 

shellfish, and lobsters. The outer harbor area, including the vicinity of 

the existing discharge is closed to the harvesting of bottom- feeding fish 

and lobsters. In the adjacent area of Buzzards Bay (tut inshore of the 

proposed d ischarge) , taking lobsters Is prohibited. Vo other federal, 

state, or local restrictions have been placed on fish or shellfish. 
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Limitations on Toxic Substances in Edible Fish and Shellfish--


The applicant identifies the toxic pollutant limitations set by the


Food and Drug Administration (FDA), but does not address whether these


limits -$r$- exceeded in organisms near the existing outfall. Studies of PC8


levels IB the- ar-ea have shown that FDA limits are exceeded in some organisms


(Kolek and Ceurvels 1981), and indicate the need for further examination of


the problem. Similarly, JTQ- projections of compliance with the FDA limits


are made for theareaof the proposed discharge. No other limitations are


known to exist.


Impacts on Recreational Boating and Other Water-Related Activities--


The applicant indicates that tire existing outfall has had no adverse


effects on swimming, wading, boating, picnicking, or other sport activities.


There has been only one beach cTosure fn the past 10 years, and it was not


due to the effluent discharge. East Beach in New Bedford was closed due to


high coliform bacteria counts resulting from a pumping station malfunction


which discharged raw wastewater near the i>eacn\ The applicant states tnat


water-related activities will not be affected by the proposed discharge.


Restrictions on Water-Contact Sports and Beach Use--


No restrictions have been placed on any water-contact sports or other


beach activities due to the New Bedford treatment plant discharge. Provided


chlorination occurs as necessary, the new outfall should also cause no


limitations on beach use.
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Discharge Compliance with Water Quality Standards--

£ppl tcant s ta tes that no wa te r qual i ty s tanda rds have been 

promulgated specifically to protect recreational activit 'es but that minimum 

criteria: have- been identified which are applicable to the aesthetics of all 

state waters. Because the New Bedford plant is not current ly operating 

properly, these m?nimufli standards are not being met. Accord ing to the 

appl icant, once th-e treatment plant and d i s c h a r g e improvements are 

completed, all standards wHl be met. 
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PART C - DESCRIPTION OF MONITORING PROGRAM


Section: 1. Bio-loical Monitoring Program


applicant describes the proposed biological monitoring program in


Appendt* )UU, The applicant proposes to conduct stjdies of benthic


macrofauna, demersal fishes, and bioaccumul ation at both the existing and


proposed outfall sites* The.- appl i cant does not provide justification for


the selection of the proposed biotic groups.


Phytoplankton--


The applicant does not propose «icnitoring phytoplankton communities as


part of the biological monitorin-g program. As discussed -n detail in Part


B, Section 6, of this evaluation, th& applicant has not adequately assessed


potential impacts of the existing discharge on phytoplankton. Limitations


of the previous phytoplankton study included, inadequate characterization of


a BIP, lack of information on seasonal variations, omission of measurements


of primary productivity and/or community M-Omass, and too few stations in


the vicinity of the existing outfall.


Before discharge through the new outfall begins* the applicant should


attempt to determine whether phytoplankton communities in the vicinity of


the existing outfall are altered or not, and whether or not primary


production is currently enhanced (or inhibited) by the addition of nutrients


(or potentially toxic substances) in the sewage effluent. In addition, the
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applicant should conduct phytoplankton sampling at the site of the proposed 

outfall both before and after initiation of effluent discharge through this 

outfall, Withr samples col lected both before and after diversion of the 

effluents, to the ne,w outfall, the appl icant should be able to document any 

changes vtfnch may occur at the site of the existing outfall in response to 

the cessatTfm i>f Affluent discharge and any changes which may occur at the 

proposed site in response to the initiation of effluent discharge there. A 

recommended phytoplaflktftn jnonitoring program is described in greater detail 

below. 

Study Design—Phytoplankton s a m p l i n  g at each si te should include 

taxonomic collections, measurements of chlorophyl l <a concentrations (as an 

estimator of community biomass),. a<*4 estimation of primary productivity. 

Measurements of chlorophyll _a_ concentrations in the rece iv ing water at 

several stations at varying df$tance-$ from the outfal l will be useful in 

examining the extent and periodicity of any phytoplankton enhancement which 

may occur in the v ic in i ty of the outfal l . Because measurement of 

chlorophyll _a_ concentrations a lone wi l l not perm-it evaluation of possible 

inhibitory effects of the sewage effluent off phytoplankton, it will also be 

necessary to conduct simulated in situ measurements of phytoplankton primary 

productivity. 

Bimonthly sampl ing would be r e q u i r e d for adequate assessment of 

outfall-related effects on the phytoplankton, although monthly samples would 

be preferable. Sampling should especia l ly occur during periods of minimum 

stratification, s ince this is when the ef f luent plume may be expected to 

surface at the site of the proposed outfall. 
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Sampling stations should be located at varying distances both upcurrent 

and downcurreftt from the outfal ls in order to compensate for possible lag 

times in tfce response of phytoplankton to effluent inputs. Sampling should 

also be conducted at reference or control stat ions far removed from the 

influence of the sewage discharge. 

As part of the biomonsto-ring program, the applicant should define a BIP 

of phytoplankton f<*r th-e- area, as this was not done in the BCS of the 

application. The parameters, used to define a BIP should include, but not 

necessarily be limited to, species composition, abundance of major species, 

species richness, chlorophyll _a_ concentrat ions, and primary productivity 

levels. 

Sampling Stations—With the Unfortrtation presently avai lable, it is not 

possible to speci fy precise sampling- stat ion locat ions. The applicant 

should consider the direct ion of current f low when dec id ing on these 

locations. Stations should be positioned just upcurrent and downcurrent of 

the ZID boundary at each ou t fa l l . It is not n e c e s s a r  y to sample 

phytoplankton within the ZID s ince these small ce l l s are advected through 

and beyond the ZID by movements of the water. Additional stations should be 

located approximately 500 m (1,640 ft) and 1,000 m (3>£8Q t t ) upcurrent ana 

downcurrent from the ZID of each outfall. Sampling should rilso be conducted 

at two reference stations: one located east of West Islard in Nasketucket 

Bay in a similar depth of water as the ex is t ing outfall, and one outside 

Nasketucket Bay in a similar depth of water as the proposed outfall. The 
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latter station should be at least 8.0 km (5.0 mi) northeast of the proposed 

outfall, so that it would not be expected to be affected by the discharge of 

sewage effluent, and so that it may s e r v  e as an adequate control for 

stations war the proposed discharge. 

Procedures—Sampling procedures should follow recommendations 

of Stofan and Grant (1978) . Sampl ing depths should be selected to 

correspond with ftxe-d percentages (e .g . , 100 percent, 50 percent, 25 

percent, 5 percent) of tfte incident light at the surface. Extinct ion 

coefficients may be estimated through the use of either a photometer or a 

Secchi disc. A water bottle sampler is recommended for the collection of 

samples for analysis of phytoplankton parameters. Replicate samples should 

be collected and processed separately to facilitate statistical analysis. 

Chlorophyll £ concentrations may b-e determined either fluormetncally 

or spectrophotometrical ly , although the former method, if used, must be 

standardized against the latter method. In .addition, the water should be 

used for simulated in situ measurements o-f product iv-ity (UNESCO 1973), and a 

subsample should be preserved for later tsxonoroic analysis. If samples are 

a l s  o t aken fo r t he a n a l y s i  s o f d i s s o l v e  d oxygen and /o r ammon ium 

concentrations, it may be possible to determine the location of the effluent 

plume and est imate where the g r e a t e s t impact arc phytoplankton may be 

expected to occur. 

The appl icant should g i ve c o n s i d e r a b l  e attention to an accura te 

qualitative and quantitative analysis of the taxonomic samples. Techniques 
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util ized should fo l low recommendations described in detail in Sournia 

(1978). 

Data Analysis—Repl icate determinations of phytoplancton parameters at 

each statton-depth wil l a l l ow a s e n s i t i v  e test for d i f ferences among 

sampling $ ta t tons, dep ths , and da tes . For ch lo rophy l l _a , primary 

productivity, and species richness, a set of values can each be entered into 

a three-way ANOVA classification to test for significant treatment effects 

due to station location* sampling depth, and time (cf. Sokal and Rohlf 1969, 

Zar 1974). Counts <*f individual species and/or total cell counts at each 

stat ion-depth also can be- included in an ANOVA design. Because ANOVA 

examines treatment effects on only one dependent va r iab le at a time, the 

data should also be analyzed using a, cnultivariate technique such as multiple 

discriminant analysis (Cooley an<J Lonnes 1971, Allen and Koonce 1973). In 

this case, the data could be grouped by station locations, and the method 

would determine a discriminant score for each set of variables which best 

separates all samples taken at one stat ion from all samples associated with 

all other stations. 

Comparisons among years or d ischarge per iods (be fo re or after 

initiation of discharge through the new ou t fa l l ) can be accomplished by 

one-way ANOVA or a nonparametric analog such as the KfuskaJ..^!! is multiple 

comparisons test (Sokal and Rohlf 1969). 

Species composition data should be subjected to cluster analysis for 

classifying algal communit ies by station locat ions, depths, or both [see 
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examples in Boesch (1977)]. Given only information on species presence or 

absence, Boesch (1977) recommends use of the Dice or Jaccard similarity 

coefficient. £f counts of individual species are determined, a quantitative 

measure -of resemblance such as the Bray-Curtis similarity coefficient should 

be used (Boesch 1977). 

Particular attention should be given to comparisons between stations in 

the v ic in i ty of th-e ex is t ing ou t fa l l and the r e f e r e n c e stat ion in 

Nasketucket Bay. In -addition, compar isons should be made between the 

phytoplankton parameters at stations in the vicinity of the proposed outfall 

and those at the reference s ta t ion outs ide Nasketucket Bay. Other 

comparisons of interest will be condit ions in the vicinity of each outfall 

before and after initiation of sewage discharge through the new outfall. 

Zooplankton--

The applicant does not propose monitoring zooplankton communities as 

part of the biological monitoring program. It is not recommended that 

zooplankton be monitored unless results of the phytoplankton monitoring 

program suggest that the e x i s t i n  g or improved d ischarge is hav ing a 

significant adverse effect on planktonic organisms. 

Benthos--

Preface--The applicant is applying for a 301(h) modification based on


an improved, relocated discharge. Quarterly biological monitoring is
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required at the existing discharge site and at the proposed discharge site


under the 301(h) regulations. Monitoring at the existing discharge site


should continue until that discharge ceases. Monitoring at the proposed


discharge site sfrould be designed to collect baseline data for a minimum of


1 year prfor to Initiation of the discharge, and to monitor biological


conditions a.$ Improvements other than outfall relocation are completed.


Monitoring at the proposed outfall site shall continue indefinitely as a


means of demonstrating that the discharge complies with 301(h) requirements.


Station Locations—The applicant proposes to monitor tenthic infauna at


Stations 1-7 shown ift Figure- 28. The applicant states that stations for


monitoring the effects of the existing discharge will be located "within and


beyond the ZID, at the reference site utilized in the 301(h) demonstration


and near the harbor mouth..." [Stations 1, 2, 3, and 4, respectively, in


Figure 28).


The applicant's proposed location of a station within the ZID is


appropriate. Given the location for Station 2 shown ir Figure 28, that


station would be situated more than 200 m (656 ft) from the outfall. Since


the ZID of the existing discharge has an 9,8-m (29-ft) radius according to


calculations performed during this evaluation, Station 2 a'; proposed by the


applicant would be more than 190 m (623 ft) from the- ZIP boundary. At this


position, Station 2 would not satisfy the requiremen-t for a ZID-boundary


station. Station 2 should be repositioned just beyond the ZID boundary of


the existing discharge by perhaps 5-20 m (16-66 ft).
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Figure 28. Location of proposed biological monitoring

stations, New Bedford, MA.
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According to the applicant, Station 3 is located at the same site as


Station 817 used in the August, 1979, benthic survey. Although Nasketucket


Bay appears to be a suitable area for location of control stations, Station


3 is located at 3 shallower depth than the existing outfa' 1 . The applicant


should re-position this reference site at a water depth similar to the


existing- oytfall, perhaps off a land projection such as Mattapoisett Neck.


The applicant does ftot justify locating a sampling station "near the


harbor mouth" (Station 4), It is herein suggested that additional stations


be occupied near the existing discharge in lieu of Station 4 for the


following reasons, In the Biological Conditions Summary, the applicant


concludes that impacts of the existing discharge on benthic infauna are


confined to an area within a radius of somewhere between 25 m (82 ft) and


640 m (2,100 ft) beyond the outfaTU Spatial patterns of inpacts associated


with the existing discharge were n-ot adequately assessed in the Biological


Conditions Summary, thereby precluding a definitive assessment of the areal


exent of community changes. The addition of stations upcurrent and


downcurrent from the outfall would allow the determination of gradients in


community response and overall spatial extent of any discharge impacts, and


would alleviate existing information gaps.


The applicant proposes to monitor the effects of the proposed discharge


by sampling benthic infauna w i t h i n the ZID, beyond the ZID, and at a


reference site in Nasketucket Bay (Stations 5-7 in Figure 28). Although the


applicant's text describes appropriate locations for sampling stations, the


location of Station 5 in Figure 28 does not correspond to the text
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description. From Figure 28, Stat ion 5 is located about 340 m (1,116 ft) 

from the proposed outfal l , and about 311 m (1,020 ft) beyond the ZID 

according fro 110 d i m e n s i o n s c a l c u l a t e  d as part of this eva luat ion. 

Similarly-, Stat ion 6 is located too far from the out fa l l to serve as a 

ZID-boun^ary station. Stations 5 and 6 should be positioned within the ZID 

and at ttie 21$ boundary, r e s p e c t i v e l y  , at d is tances s imi lar to those 

suggested for the w i th in -Z ID and beyond-ZID sites near the existing 

discharge. 

Presumably, the- putative reference si te for the proposed discharge, 

Station 7, corresponds to Station B20 of the August, 1979, survey, although 

the applicant does not so indicate. An exact location for Station 7 is not 

given in the applicant's figure -erf sampling stat ion locations (see Figure 

28). Station B20 is located in about 13.7 m (45 ft) of water in Nasketucket 

Bay. Since the proposed outfall will d ischarge at a water depth of 16.7 m 

(55 f t ) , Station B20 and presumably S ta t ion 7 are si tuated at depths 

slightly shal lower than the proposed d i f fuser . The general location of 

Station 7 in Buzzards Bay appears suitable for a control station to evaluate 

the effects of the proposed discharge, but the station should be relocated 

to a more appropriate depth. 

As descr ibed above for the ex is t ing discharge sits, the appl icant 

should consider locating additional stations near the proposed outfall. One 

or more transects through the discharge area would be useful for assessing 

the spatial pattern of benthic communit ies potent ial ly impacted by the 

discharge. Furthermore, it is suggested tnat all sites be sampled to ensure 

that the sediments and hydrography are similar. 
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Sampling Procedures—The appl icant ind icates that monitoring will be 

conducted At the exist ing d ischarge si te "as soon as poss ib l e after the 

receipt o-f a waiver" and until the d ischarge ceases . At that time, the 

applicant plans to decide if studies at the exist ing outfall area will be 

continued. The -applicant proposes to begin the monitonng program at the 

new outfal l s i te 1 year before o p e r a t i o n of the out fa l l and continue 

sampling for 2 years aft$f Initiation of the discharge. Sampling will be 

conducted on a quarterly basis at both the exist ing and the proposed 

discharge sites. The sampling schedules proposed by the applicant for the 

benthic monitoring surveys -are acceptable. Although the applicant is not 

required to monitor benthic infauna at the exist ing discharge site after 

cessation of that discharge, the applicant is urged to continue monitoring, 

thereby documenting fauna! recovery. 

The applicant proposes to co l lec t f i v e repl icate samples at each 

station using a modified van Veen grab sampler* The applicant also proposes 

to process benthic samples f o l l ow ing m$tftotJs used in p rev ious benthic 

infaunal surveys d e s c r i b e d in Append ix XI of the app l i ca t ion . The 

procedures cons is ted of wash ing the contents of each 0.04 m2 (0.43 ft2) 

sample through a 0.5-mm (0.02-in) s ieve , fixing the organisms and debris in 

10-percent formal in, and later p reserv ing this jnaterial in 70-percent 

isopropanol. Only three of the f i ve repl icate samples xe-re sorted and the 

organisms identified and enumerated. The remaining samples were placed in 

storage for processing "should greater statistical precision be required." 

The applicant does not indicate what quality control procedures would be 
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used during sample processing, but s tates that "Upon request, the applicant 

wi l l p rov ide a copy of the Qual i ty Control manual ut i l ized dur ing the 

conduct of ttte m o n i t o r i n g p r o g r a m . " The a p p l i c a n  t i nd i ca tes that 

measurements of DO, pH, temperature, and salinity wil l be made wnen the 

benthic samples are collected and that tidal stage will also be recorded. 

To ensure adequate sample size and quality, it is herein suggested that 

a chain-r igged, 0,1-ro2 (l.l-ft2) van V e e n grab or a 0.1-m2 (1.1-ft2) 

Smith-Mclntyre grab- b£ ys-ed for sample collection. As discussed in Part B, 

Section 6, five repHcate samples with this area! coverage are often needed 

at each station to -accurately assess species composition of coastal benthic 

macrofaunal communit ies. The a p p l i c a n t ' s proposed sample s i ze [three 

replicates totalling 0.12 m2 (1.3 f t2) of bottom] may be too small by at 

least a factor of four. In lieu of simply co l lec t ing five replicate grab 

samples per station, the applicant may elect to perform a sensitivity 

analysis to determine the minimum number of replicates which will yield an 

acceptable level of statistical sensit ivi ty. The applicant is referred to 

Gonor and Kemp (1978) and Sa i la et al . (1976) for appropr iate analytical 

techniques. 

The a p p l i c a n  t d o e s not s p e c i f  y any a s p e c t  s o f a q u a l i t  y 

assurance/quality control program for benthic sampling (e^g., reference 

collection of benthic invertebrates, f ield log program, data recording 

procedures, sample resort ing techniques, data transfer methods, taxonomic 

v e r i f i c a t i o n )  . Hence , no e v a l u a t i o  n o f t he a p p H c a n t '  s qua l i t y 

assurance/quality control program is possible. 
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Taxonomic Procedures—The applicant does not describe the procedures to 

be followed in-identifying and enumerating organisms collected in benthic 

grab samples. Since the applicant does not specify the taxonomic references 

to be us-ed: or the taxonomic qual i f icat ions of the sur /ey personnel, no 

evaluation Of proposed taxonomic procedures is possible. However, it should 

be mentioned that taxonomic procedures employed during previous benthic 

surveys appeared to fee ad$<ju$te. 

Data Ana lysis- -The applicant s ta tes that structural analyses of the 

communities will include th$ following: 

• Species composition 

• Abundance (number/unit 

• Trophic position and biomass (weight/unit area) of dominant 

organisms 

• Dominance 

t Species diversity. 

Each of the ana lyses proposed by the appl icant is appropriate for the 

descr ipt ion of species c o m p o s i t i o n or community structure of benthic 

macrofauna, but addit ional ana lyses are war ranted. A fu l l ana lys is of 
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trophic structure should compare trophic interact ions of dominant taxa 

between sites, the influence of keystone species (sensu Paine 1969), and the 

potential tap-acts of sewage ef f luent on trophic structure of benthic 

communities. Therefore, in addition to the proposed analyses, the applicant 

should compare the similari ty (spec ies composi t ion and abundance indices) 

between and awjng stat ions and repl icates to determine d i f fe rences and 

changes in the composition and abundance of the benthic community possibly 

related to the outfaHs, Any future cluster analyses and nodal analyses 

performed by the app-Mcant should incorporate modi f ica t ions suggested 

earlier in this evaluation £see Part B, Section 6). The applicant may also 

consult Boesch (1977) for a p p r o p r i a t  e a n a l y t i c a l techn iques. The 

relationships among station groups identified by cluster analysis should be 

fully interpreted using avai lable: information on the ecology of dominant 

species. Such interpretations will i l luminate possible impacts of sewage 

effluents. Multivariate techniqu€S- such as factor analysis or discriminant 

function analysis could a lso tie used" to identify stat ion groupings by 

relating physical-chemical parameters to characteristics of the biological 

communities (e.g., Cooley and Lohnes 1971), 

Fishes--

The applicant indicates that the purpose of tfl-e fis-h. monitoring plan


will be to assess the status of the commercial and recreational fish stocks


which may be potentially impacted by the discharge. The proposed plan calls


for fish monitoring to begin at the existing discharge as soon as possible


after receipt of a 301(h) modification. Monitoring will be conducted on a
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quarterly basis until the current d ischarge ceases operation. Duplicate 

trawls wi l l be conducted at each of three s tat ions w i t  h respect to the 

existing -discharge, i.e., within ZID (Stat ion 1), ZID boundary (Station 2), 

and reference (Station 3) (see Figure 28). As previously indicated under 

the benthos monitoring plan, Station 2 as designated by the applicant is not 

located at the 210 boundary. Therefore, the applicant should reposition the 

site to conform to the boundary location. 

Field procedures w-UI Include weighing and measur ing the collected 

fish, noting species Composition of the haul as well as disease symptoms and 

abnormal coloring. "Other observable fac tors" (unspeci f ied) will also be 

recorded according to the applicant. Statistical analysis of the monitoring 

data will employ both parametric and nonparametric techniques. 

The monitoring plan at the proposed d ischarge site wil l be based upon 

the same procedures developed for the existing outfall. Stations will be 

located within the ZID (Station 5), at the ZID boundary (Station 6), and at 

a control site (Station 7) (see Figure 28). Monitoring wil l commence 1 yr 

prior to d ischarge initiation and continue for a 2-yr period once the 

relocated outfall is operational. 

Conceptually, the fish monitoring program proposed: by tfte applicant is 

appropriate; however, the absence of an adequate fish <Jata base requires a 

more detailed, intensive program. That is, the applicant^ 1-day 1979 study 

in New Bedford Harbor and Nasketucket Bay could not define the natural 

spatial and temporal var iab i l i t ies assoc ia ted wi th the indigenous fish 

301




community. Without i den t i f y i ng the na tu ra l var iab i l i ty of the f ish 

assemblages, it would be di f f icul t to ascer ta in whether changes observed 

during the. caurse of a m o n i t o r i n g p r o g r a m w e r e due to na tu ra l or 

discharge-related effects. Therefore, the applicant should optimally design 

the monitoring program to assess species d ivers i ty , abundance, trophic 

position- attd frioiftass of dominant spec ies , and test for bioaccumulation of 

toxicants in finfishes. These sampl ing parameters should be included in 

addition to those identified by the applicant in the proposed plan. 

The applicant should also attempt to per iodical ly analyze fish catch 

and effort data from the are-a of the out fa l ls in order to determine trends 

which may be associated with the presence of the discharge. For example, 

fish catch and effort may increase in the vicinity of the relocated outfall 

if fish are attracted to the area. On the other hand, the discharge area 

may be aesthetically unappealing -and an-glers may avoid it. 

A second concern regarding the proposed f ish monitoring plan is the 

location of the reference or control stations. In Appendix XIII of the 

appl icat ion the appl icant p resen ts Figure XIII-1 which ind icates the 

locations of the proposed monitor ing stat ions. Spec i f ic loca t ions for 

Station 3 (existing discharge contro l ) and Stat ion 7 (relocated discharge 

control) are not indicated. The appl icant indicates uflder the benthos 

monitoring plan that Station 3 corresponds to "the reference site utilized 

in the 301(h) demonstration." This is assumed to be Station B17 (see Figure 

20). This benthic control site is located in water shallower than that of 

the ex is t ing discharge. A s o e c i f i  c l o c a t i o n for Stat ion 7 cannot be 
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inferred from the a p p l i c a n t ' s d i scuss ion . Control s ta t ions should be 

located in areas where phys ica l , chemical, and biological characteristics 

are similar to those which would be expected to occur at the discharge site 

in the abs-ence of pollution. For a val id comparison to be made between 

control, and discharge fish communit ies, environmental conditions should be 

as simi?a-r as possible, other than the presence of pollutants at the 

control. Depth and substrate are part icularly important in this regard. 

Fish communities are often influenced by these characteristics. 

In summary, the applicant's proposed f ish monitoring program should be 

expanded to establish baseline conditions of the indigenous fish community 

in the vicinity of both the e x i s t i n  g and proposed out fa l ls . This is 

required in order that the natural var iabi l i ty in the f ish stocks may be 

d i f f e r e n t i a t e d from that pa ten t fa 1 1y induced by the d i s c h a r g e s  . 

Furthermore, the applicant snfcuJd attempt to locate control stations in 

areas where depths and substrates are simi lar to those encountered at the 

discharge sites. 

Bioaccumulation--


The applicant proposes to conduct bioaccumul ation studies at both the 

existing and proposed outfall sites. The proposed station 'ocations are the 

same as for f ishes (i.e., Stations 1, 2, and 3 at the- ex ist ing outfall; 

Stat ions 5, 6, and 7 at the p roposed ou t fa l l s i ts } . These stat ion 

designations suffer from the same l imitat ions as identified in the previous 

sections. 
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The applicant proposes to expose f i l ter- feeding b i va l ve molluscs in 

cages placed cm the bottom. The appl icant states that cages will only be 

placed on the bottom since "water quality standards will be met within the 

ZID." B>$ reasoning for this statement is unclear since the ZID is a volume 

of water extending to the seaf loor. It is recommended that exposures of 

caged molluscs be conducted at a minimum of two depths, near the bottom and 

at a point in the water column co r respond ing to the ca lcu la ted plume 

trapping level. Organisms -exposed only at the bottom could be expected to 

accumulate toxic chemicals at a rate which is primarily dependent upon the 

degree of contamination of bottom sediments. Since residual contamination 

of bottom sediments could exist for extended periods following source 

control of toxic chemicals, the le-v-els in bottom organism tissues may not 

give a reliable indication of source control effectiveness. The relatively 

high differential uptake of toxic chemicals as a function of exposure depth 

has been demonstrated by Young- et al. (1976). 

The appl icant states that bioacctHimTatlofr tests wi l l be conducted 

quarterly with 1-mo exposure periods. Two cages of 10 molluscs each will be 

placed at each locat ion. This exposure design is bas i ca l l y adequate; 

however, extension of the exposure period to 6 weeks to al low for tissue 

equilibration should be considered. Other aspects of stiKfy design such as 

selection of test organisms, col lection of concurrent sediment samples, and 

analysis of chemical species are also adequate. 
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The appl icant states that q u a n t i t a t i v  e data wi l l be analyzed by 

p a r a m e t r i c s t a t i s t i c a l t e c h n i q u e  s s u c  h a s A N O V  A a n d SNK t e s t s  . 

"Observations? types of data" wil l be analyzed using chi-jquare statistics. 

Prior to utilization of parametric statistics, the applicant should evaluate 

compliance with variance and normality assumptions asscciated with these 

tests. If the a s s u m p t i o n s are not met ( e s p e c i a l l  y w i t h regard to 

heteroscedast ic v a r i a n c e s ) , the a p p l i c a n t should u t i l i ze appropr iate 

nonparametric analogs Such as the Kruskal-Wal l is test. Chi-square tests (or 

the G-test) are appropriate techniques for analyz ing frequencies such as 

mortalities or shell ^bnorm-a^ities. 

The applicant does not propose the analys is of organism tissue samples 

co l lected from the outfal l vicini t ies. Due to the l imi ta t ions of the 

bioaccumulation studies previously conducted by the applicant (see Part B, 

Section 6), and the observed high Teve-ls of contamination in sediments and 

organisms in the area, it is recommended that such studies be conducted as 

part of the biological monitoring program* Fish or invertebrate samples 

collected during the app l i can t ' s demers$J fish surveys should be analyzed 

for toxic substances. Appropr iate spectes weald include winter flounder, 

lobster, and Mercenaria mercenaria. Such studies should be coordinated with 

ongoing ana lyses of b i o a c c u m u l a t i o n in the New Bed fo rd area (e .g . , 

Massachusetts Department of Environmental Qual i ty Engineering); however, 

special emphasis should be given to the collection and analysis of samples 

near the existing and proposed outfal ls . The use of sufficient sampling 

stations will enable the assessment of concentration gradients in organisms 

such as Mercenar ia. Wi th su f f i c ien t data the contr ibut ion of the New 

Bedford sewage discharge to the area-wide contamination can be evaluated. 
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Section 2. Water Quality Monitoring Program 

The -applicant presents a receiving water monitoring program for both 

the existing and proposed discharge sites. Monitoring at the proposed site 

would begin 1 yr before operation of the new outfall. Effluent and influent 

monitoring is not discussed in detail. The applicant states that effluent 

monitoring would be -done for the same water quality parameters measured in 

the bay. Appropriate parameters would include BOD,-, dissolved oxygen, total 

suspended solids, pH, turbidtty, and total coliform bacteria. 

State Requirements--

Both current and proposed discharges are located in waters designated 

Class SA by the Commonwealth of Massachusetts Div is ion of Water Pollution 

Control. This c lass is designated for the protection and propagation of 

fish, other aquatic life, and wi ld l i fe ; for primary and secondary contact 

recreation; and for shel l f ish harvesting: without depurat ion in approved 

areas. For C lass SA waters the s ta te of Massachusetts has numerical 

standards for dissolved oxygen, temperature, pH, and total coliform bacteria 

and qualitative s tandards for aes the t i cs , rad ioac t i ve and tainting 

substances, color, turbidity, total suspended solids, oil and grease, 

nutrients, and other pollutants (Table 35). 

No specific state requirements for receiving water monitoring are 

discussed by the aoplicant. 
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TABLE 35. MASSACHUSETTS WATER QUALITY STANDARDS

APPLICABLE TO CLASS SA WATERS


A. These flyiniJnum criteria are applicable to all waters of the Common­
weaUft, unless criteria specified for individual classes are more 
stringent. 

Parameter Criteria 

1. Aesthetics All waters shall be free from pollutants in 
concentrations or combinations that:


a) Settle to form objectionable deposits; 
b) Float as debris, scum or other matter to 

form nuisances; 
c) Produce objectionable odor, color, taste 

or turbidity; or 
d) Result in the dominance of nuisance 

species. 

2. Radioactive substances Shall not exceed the recommended limits of the 
Uni ted S t a t e  s E n v i r o n m e n t a l P r o t e c t i o  n 
Agemsy's National Drinking Water Regulations. 

3. Tainting substances Shell! pot be in concentrations or combinations 
that produce undesirable flavors in the edible 
portions of aquatic organisms. 

4. Color, turbidity, total not be in concentrations or combinations 
suspended solids that would exceed the recommended limits on 

the most sensitive receiving water use. 

5. Oil and grease The water $qrfac$ shall be free from floating 
oils, grease and p e t r o c h e m i c a l s  , and any 
concentrations or combinations in the water 
column or sediments that are aesthetical ly 
objectionable or deleterious to the biota are 
prohibited. For oil and grease of petroleum 
origin the maximum a l l o w a b l  e d ischarge 
concentration is 15 mg/1 . 

6. Nutrients Shall not exceed the site-specific limits 
necessary to control accelerated or cultural 
eutrophi cation. 
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TABLE 35. (Continued) 

7. Other constituents Waters shal l be free f rom p o l l u t a n t  s ii 
concentrations or combinations that: 

a) Exceed the recommended limits on the most-

sensitive receiving water use;


b) Injure, are toxic to, or produce adverse

physiological or behavioral responses

in humans or aquatic life; or


c) Exceed site-specific safe exposure levels 
determined by bioassay using sensitive 
resident species. 

B. Coastal and Marine Waters - the following additional minimum criteria 
are applicable to coastal and- marine waters. 

For Class SA waters;


Parameter Criteria 

1. Dissolved oxygen Shall be a minimum of 6.0 mg/1. 

2. Temperature None except where the increase will not exceed 
the recommended l imi ts on the most-sensit ive 
water use. 

3. pH SnalT be in the range of 6.5 - 8.5 standard 
ufl-1ts afltf not more than 0.2 units outside of 
the naturally occurring range. 

4. Total coliform bacteria Shall not exceed a median value of 70 MPN per 
100 ml and not more than 10 percent of the 
samples shall exceed 230 MPN per 100 ml in any 
monthly sampling, period. 

Source: Commonwealth of Massachusetts Water Qual i ty Standards of April, 
1978. 
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Proposed Program--

Station Lo£at3ons--The applicant proposes monitoring at the 13 stations 

shown itt Figure 29. Stations 1 and 2 are within ZID and near ZID stations, 

respectively-, fb-r the existing out fa l l site. Stations 5 and 6 are the ZID 

boundary and near ZID stat ions for the proposed outfall site. Stations 3 

and 7 are reference site$. The depth of water at the reference sites is 

unknown, but should be the same depth as the out fa l ls . The reference 

stations are also further off shore which would minimize effects from other 

sources. Stations § to 13 are intended to detect the effects of runoff on 

the bay. Effects of the proposed out fa l l would be monitored only in the 

near ZID area by the applicant's stations. To detect movement of the waste 

plume, new stations could be located about 0.9 km (0.5nmi from the outfall 

in the directions of the predomfn^n-t tidal movement or Stations 10 and 12 

could be relocated. Monitorirrg at Stat ions 5, 6, and 7 would not begin 

until 1 yr before operation of the new outfall. 

The parameters the appl icant intends- to- measure inc lude d i sso l ved 

oxygen, total suspended solids ( T S S ) , pK> temperature, salinity, turbidity, 

and light transmission. Total col i form bacter ia is not mentioned by the 

applicant, but should be added s ince the state does h-ave- an appl icable 

receiving water standard. Since the state a lso has qualitative standards 

for color, oil and grease, and nutrients, these parameters should be added. 

The applicant proposes to use s tat is t ica l tests (e.g. , ^NOVA and SNK) to 

determine if signif icant d i f ferences on a monthly and annual basis exist 
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between the within-ZID station and the reference stations, and between the 

near-ZID station and the reference stations. Data at the other stations 

will also- be- analyzed for trends. 

Sampling and Analytical Methods—The appl icant states that dissolved 

oxygen, temperature, sal ini ty, and pH data would be taken by calibrated 

probes at 1-m (3 - f t ) i n t e r v a l s  . D e t a i l  s on the k ind of probe, the 

calibration procedures;, -and the frequency of ca l ibrat ion are not given. 

Samples for suspended so-llds and turbidity (measured as JTU) would be 

collected at top, ffild-depttr,. and bottom with a Van Dorn sampler. Sampling 

would be done monthly at slack tide when possib le for a period of 2 years. 

The 301(n) regulations specify that monitoring continue for the 5-yr term of 

the permit, although the sampling frequency could be decreased depending on 

the results. 

The speci f ic analyt ical procedures used by the appl icant are not 

described except to note that the reference.* Standard Metiods (APHA 1976), 

is used. The appl icant states that quality control procedures have been 

written but does not include a copy. A quarterly status report and annual 

report with conclusions would be prepared by the applicant. 

Resources for Implementation— 

The applicant does not s tate whether the monitoring program is to be 

performed by the app l i can t or a c o n s u l t a n t  . Costs for the proposed 

monitoring program and out fa l l m a i n t e n a n c  e for 5 years are l is ted as 
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$170,000 in Appendix X X I I of the app l ica t ion. No supporting data or cost 

breakdown data were included. 

The- wastewat-ef monitoring, as required by the NPOES permit, is done at 

the New Bedford wastewater treatment plant. No description of monitoring 

facilities -or -equipment is included in the application. 

Section 3. Toxics Control,MQ<ntoring Program 

Toxic Quality of th-e Applicant's Discharge--

Chemical analyses performed on samples of treatment plant effluent 

detected 57 organic compounds antf 13 metals from the list of 129 priority 

pollutants and 6 pest ic ides. The samples were 24-h, f low-proport ioned 

composites collected during wet and dry weather conditions. 

Concentrat ions of the fo l lowing compounds a/id metals exceeded the 

avai lable sa l twater c r i ter ia after initial dilution (d i lut ion factor = 

1/60). 
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Measured After Saltwater 

Concentration Dilution Criteria 

• (ug/i) (ug/i) (ug/i) 

Endostrifan i 0.017 0.0087 

PCB 21 0.35 0.030 

Copper 310 5.17 4.0 

Mercury e.6 0.043 0.025 

Cyanide 250 4.17 2.0 

Asbestos is reported as not b-eing present, although no data are present to


confirm that an analysis was performed.


Results of the analyses on wet an-d dry weather samples are summarized


in Part E. Also summarized in Part E are the results of analyses performed


on samples from the receiving water, sediments, and animal tissues.


These analyses generally describe conditions fn and around the zone of


initial dilution (ZID) relative to con-trol stations. Concentrations of


several metals in the water column exceede-d criteria for the protection of


saltwater aquatic life: cadmium, chromium, mercury, selenium, and silver.


Cyanide also exceeded its criterion. Concentrations of most metals in


sediment samples were notably higher in and near the ZID, relative to the


control stations. Tissue samples in and around tfre ZID contained


concentrations of metals similar to the control station, except for nickel


which was generally higher in samples from or near the ZID.
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The applicant believes that the extensive data presented with the 

application -shows that the New Bedford outfall is not the only source of 

pollutants. Other sources would include industries that have discharged 

directly to the bay, as well as ships that may release wastes into bay 

waters. Sdftifi- -of the direct industiral discharges have reportedly been 

controlled. The appl icant recognizes, however that implementation of a 

rigorous pretreatment program would signif icantly reduce the effluent as a 

contributor of toxic po-1 Mutants. Cons iderab le attention should be given, 

therefore, to toxic CdntroT monitoring to fol low the progress of industrial 

pretreatment and otfter source control programs. 

Proposed Sampling Program— 

The applicant proposes to collect 24-h flow proportioned composites of 

treatment plant influent and effluent, year ly, during wet and dry weather 

conditions. Influent and eff luent samples wil l a lso be collected during 

average flow conditions (_+ 10 percent o-f mean annual f low). Selection of 

sampling days will be on a random number ba$i$r although the details of the 

selection process are not explained. 

The sampling program will be conducted annually,, for a period of three 

years. The nature of sampling and analysis after the 3 years is not stated. 

In addition to the sampling for wet ana dry weather* and average flow 

conditions, the applicant proposes to sample for specific pollutants common 
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to certain industry groups. Both influent and eff lueit samples will be 

taken for analysis 10 times per year. The scope of analysis will be limited 

to pollutants suspec ted f rom each industry g r o u p  , ra ther than be 

comprehensive of all priority pollutants. 

A form qf sampling and analysis not discussed in the application, which 

may be useful in understanding the character of discharges from industrial 

areas is to collect samples, over severa l consecutive days and analyze daily 

for priority pollutants* ?te scope of analysis should be broad enough to be 

representative of t<fcnc wastes discharged by industries in the service area. 

Such analysis could determine the nature and extent of shock loads (sudden, 

concentrated discharges) of toxic pollutants to the system. Shock loads may 

not be evident in periodic 1-day analyses, conducted two or three times 

yearly, since variations in concentrations could be attributable to causes 

other than shock loads. Sampling and analys is each day for three or four 

days toward the end of the weefc would bracket the period when shock loading 

is more likely to occur. 

No details on the sampling process are pr-esented such as the timing of 

grab samples for vo la t i le o rgan ic ana lys is , sample preservat ion, and 

scheduling shipments to analytical laboratories. The extent of involvement 

of the applicants employees, and those from contract Tat>o-ratories is not 

clear either. A standardized approach would help to assure consistency in 

the collection and handling of samples. 
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Sample Analysis Program— 

The division of anlaytical tasks between the applicant's laboratory and 

commercial laboratories is not desc r i bed in the appl icat ion. If the 

applicant does not have a complete priority pollutant analytical capability, 

some of the analysis would probably be assigned to a commercial laboratory. 

Assigning anaytical tasks to a commercial laboratory is certainly acceptable 

if the laboratory is familiar with priority pollutant analytical procedures. 

The applicant should work closely with the selected laboratory to establish 

effective sample Tafreling 4nd chain of custody procedures for samples, 

analytical quality -&s$urancB- (QA) practices, and reporting formats. 

Particular attention should be given to quality assurance data, both 

in-house and at the commercial laboratory. A quality assurance plan is not 

presented in the application, htfwey$-r. Such a plan should include the 

col lect ion and careful analysis of qirality assurance data to identify 

possible errors in procedures, and to evaluate, potential inaccuracies caused 

by interferences or other complications >n the analyses. The varied mixture 

of chemicals in was tewate r makes the de tec t ion of compounds, at low 

concentrations, an intricate analytical chemistry problem. Even QA data 

produced by the commercial laboratory should be collected and reviewed to 

become familiar with both the pract ices employed and the results obtained. 

Quality control testing is the only mechanism available for understanding 

the value of data on which important monitoring evaTu-ations and program 

decisions are based. 
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Data collected by the toxics control monitoring program wi l l be


statistically analyzed to determine if concentrations of toxicants received


at the plant are reducing. How the data will be managed and interpreted is


not discussed 1n Detail. However, since only two or three data sets will be


collected yearly, under varying conditions (wet and dry weather and average


flow), and s>T>ce -data may be collected for only 3 years, results of the data


evaluation could be inconclusive.


Resources for


Neither the cost of tha toxics control monitoring program nor specific 

sources of revenue are presented in the application. Consequently, a review 

of the extent of budget committment to t ox i cs moni tor ing, and the 

feasibility for conducting the program is not possible. 
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PART D - LETTERS 

The applicant has included a copy of a letter from the Massachusetts 

Division <tf Water Pollution Control which indicates that a determination of 

the possible effects of the proposed d ischarge on other ooint and nonpoint 

sources «f?l fee made after a thorough review of the application. 
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PART E - TOXIC CONTROL PROGRAM EVALUATION 

Sect i oft 1 4 Chemical Analysis 

Chemical Data Suteftted--

Chemical analyses were performed on samples of treatment plant effluent 

collected under wet and dry weather conditions. Analyses were performed on 

mixed (homogenous) samples, and on the supernatant of settled samples. 

Results of analyses an the supernatant were not significantly different from 

those performed on mixed samples so only the results of the mixed samples 

are presented in the analyses summary shown in Table 36. The chemical 

analyses detected 57 organic compo-urtds and 13 metals from the list of 129 

priority pol lutants and 6 pesticitfes. Five compounds and meta ls were 

measured in concentrat ions that exceed the a v a i l a b l e cr i ter ia for the 

p r o t e c t i o n o f s a l t w a t e  r aquat ic I f f e  . T h e s e s u b s t a n c e  s and the 

concentrations are listed in Part C, Section 3 of this eval jat ion report. 

Also presented with the application sne the results of several analyses 

performed on samples of the receiving water, sediments, and animal tissues. 

Excerpts from these analyses are presented in Table 37 to summarize the 

results. The higher of the two concen t ra t i ons of ^adalum, chromium, 

cyanide, mercury, selenium and silver tabulated for the receiving water 

exceed the available criteria for seawater (both samples reported were taken 

in or near the ZID, so it is p o s s i b l  e that initial d i lut ion was not 

complete). High metals concentrations were found in sediment samples in and 
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TABLE 36. PRIORITY POLLUTANTS DETECTED IN EFFLUENT SAMPLES

(CONCENTRATIONS IN ug/1)


1A 
4V 
6V 
7V 
8B 

11V 
128 
13V 
14V 
15V 
188 
208 
21A 
22A 
23V 
24A 
258 
268 
278 
288 
30V 
31A 
34A 
38 
398 
438 
44V 

48V 
51D 
548 
558 
57A 
58A 
59A 
60A 
64A 
65A 
668 
678 
688 
698 
708 
718 
728 

Priority Pollutants 

aceflaphtftene 
trenzene 
carbon te-trachloride 
chloFsbenzsne 
l,2~,4-trichlorobenzene 
1, 1, 1-trichloroethane 
hexachloroethane 
1 , 1-dichl oroet nart î 
1,1,2-trichJoroethane 
1,1,2,2-tetracftlo-roet.bane 
bis( 2-chl oro^etfryl ) e-ther 
2-chl oronaph-thal ene 
2,4,6-trichloropheno} 
parachloromets cresoT 
chloroform (trichloromethane) 
2-chl orophenol 
1,2-dichlorobenzene 
1 , 3-di chl orobenzene 
1,4-dichlorobenzene 
3,3-dichlorobenzidine 
1,2-trans-dichloroethylerte 
2,4-dichlorophenol 
2, 4-dimethyl phenol 
ethyl enzene 
fluoranthene 
bis( 2-chl oroethoxy) methane 
methyl ene chloride 

(dichloromethane) 
dichlorobromomethane 
chlorodibromomethane 
isophorone 
naphthalene 
2-nitrophenol 
4-nitrophenol 
2,4-dinitrophenol 
4,6-dinitro-o-cresol 
pentachl orophenol 
phenol 
bis(2-ethylhexy! } phthalate 
butyl benzyl phthalate 
di-n-butyl phthalate 
di-n-octyl phthalate 
diethyl phthalate 
dimethyl phthalate 
1,2-benzanthracene 

Wet Dry 
Weather Weather 

ND 1 
10 10 

- Not Reported ­
10 10 
10 ND 
32 17 
10 ND 
ND 10 
ND 9 
ND 10 
ND 10 
ND 1 
1 1 
1 10 

10 14 
10 1 
10 ND 
ND 1 
ND 1 
1 ND 

ND 10 
1 1 
1 1 

10 18 
1 1 

14 20 

I 10 
ND 20 
10 16 
10 24 
26 25 
ND 1 
10 24 
ND 20 
ND 10 
10 10 
10 10 
25 25 
10 10 
10 ND 
1 1 

10 10 
1 ND 
1 1 
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TABLE 36. (Continued)


ND = Not Detected.


1

1

10

10

10

1


12

22

35

1


10

ND

11


30

30

ND

3


130

420

310

250

110

2.6


200

56

9

40

380


76B

77B

78B

808

81B

84B

85V

86V

87V

96P

107P

109P

112P


114M

115M

116

117M

118M

119M

120M

121

122M

123M

124M

125M

126M

127M

128M


chrysene

.acepspftfcftyl ene

anthracene

flvorene

pheflanthrene

pyrene

tetrad*] oroethyl ene

toluene­

trictildroethylene

endosulfan (Beta)

PCB-1254 (Arochlor 1254)

PCB-1232 (Aro.e)jlor 1232)

PCB-1016 (Arocfilor 1316)


Metals (tota3)i


Antimony

Arsenic

Asbestos (fibrous)

Beryl 1 i urn

Cadmium

Chromium

Copper

Cyanide (total)

Lead

Mercury

Nickel

Selenium

Silver

Thallium

Zinc


1

1

10

10

10

1

24

32

25

ND

ND

9.3


ND


730

30

ND

85

150

170

130

160

60

0.4

52

30

9

40

21
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TABLE 37. SELECTED RESULTS OF CHEMICAL ANALYSES OF SAMPLES FROM THE WATER COLUMN,

SEDIMENT, AND ANIMAL TISSUES


Sediment Tissue 
Marine Water 

(ug/1) 
Station Station 

1 2 ZID 
Beyond 
ZID

(mg/kg-dry) 

 Control ZID 

(ilig/kg-wet) 

Beyoiirf 
HO Control 

66B bis (2-ethylhexyl) phthalate 20 NO ND NR NR NO Wt NR 

67B butyl benzyl phthalate ND NO NO NR W» 4 NR NR 

688 di-n-butyl phthalate NO NO 1.7 NR NR. ND NR NR 

708 dlethyl plithalate ND ND 0 3 NR NR ND NR NR 

Q4B pyrene 6 ND ND NR HP 0 001 NR NR 

107P PCB-1254 0 05 0 5 8.75 27 Nfl 0 001 NR NR 

114M antimony 60 60 *,?5 9 9 0 7 0 7 0.7 

115M arsenic 80 120 6.9 J.6 iB 14 5 10.5 to 13 5 4 0 2.5 to 3 6 3 9 

CO
ro 
1X1

 U7M 

 118M 

beryllium 

cadmium 

5 

50 

5 

30 

Q.Qift 

i$ 

O.J to 0 5 

0 3 to 57 

0 65 to 0 72 

0 16 to 0 44 

0 

0 

20 

20 

0.05 to 1 5 

0 04 to 0 5 

1 5 

0 5 

II9M chromium 40 id 210 10.5 to 515 31 5 to 51 3 25 1 2 to 4 2 2 9 

120M copper 3 3 705 21 to 895 17 to 31 5 1 85 0 2 to 1 8 1 3 

121 cyanide 33 7 ..- ... -
— — 

U2M lead 10 10 750 13 to 715 7 <? to 48 5 0 11 0 11 0.16 

123M mercury 0 36 0 02 0 15 0 15 to 0 48 0 016 to 0 034 0 01 0.01 to 0 08 0 02 

124M nickel NR NR 9 95 3 55 to 46 5 7 75 to 8 70 4 35 0 21 to 8 6 1 4 

125M seleoium 70 70 8 e 8 2 2 2 

126H silver 6 6 0 27 0 26 to 0 77 0 38 to 0 60 0 1 0 07 to 0 43 0 17 

12/M thallium 1 1 0 9 0 9 0 9 0 07 0 07 0 07 

120M zinc 1 1 550 25 to 995 34 to 51 11 5 1 to 20 13 5 

ND - Not Detected; NR = Not Reported.




in proximity of the ZID, re la t ive to a control s ta t ion, as shown in the 

table. Concentrations in animal t issues in and near the ZID were not much 

different* however, than control samples (wi th the possible exception of 

nickel )T (The reader should be alerted that the units used in tables and 

text in the orig}n$l application appeared to interchange "ppm" with "ppb." 

An attejnpt *as made to reconcile this apparent error in Table 37.) 

Procedures invoked in $ample col lection and analysis are discussed in 

the application, along witft citations to EPA procedures and analytical 

protocol. Based on ttie discussion it is reasonable to conclude that results 

of the analyses afford a re-asonably accurate character izat ion of the 

effluent and the affected environment. If future data are also produced 

with care, an adequate statistical base will be ava i lab le to chart the 

effects of pretreatment and source control e f for ts . It would have been 

useful to have had the results of specific quality assurance tests performed 

during the reported analyses. Tire only QA da ta presented wi th the 

application is a generalized long term statistical summary of QA tests. 

Toxic Pollutant and Pesticide Sources--

Potential sources of the iden t i f i ed t o x i c  s are not presented or 

discussed in the application. A copy of the industnaf sowcs inventory is 

not included either, so it is not possible to study the types of industries 

that discharge to the sewer system. 
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Section 2. Industrial Pretreatment Program 

Program Cfxnpfiance--

Authority--A letter from the City Solicitor for the city of New Bedford 

is included, in the app l i ca t ion . The letter c i tes three areas of 

Massachusetts General Laws that give the city of New Bedford authority to: 

1. Enact ordinances 

2. Impose ftoes 

3. Sue to enforce its ordin$m:$s. 

While this statement addresses^ in general, the authorities required by 40 

CFR 403.8(f), a more specific legal analysis is needed to address adequately 

the six points of authority identified by the regulations as fo l lows: 

1. Deny or condition the contrS&utfsm of pollutants from 

industrial users 

2. Require compliance with pretreatment standards 

3. Control the contribution of pol luants from industries by 

permit or other means 
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4. Require compliance schedules and monitoring reports 

5. £arry out inspection, surveillance, and monitoring 

6. Obtain remedies from noncompliance. 

Included with the appl icat ion is a copy of New Bed fo rd ' s sewer use 

ordinance which fs the legal m e c h a n i s  m for implement ing industrial 

pretreatment. A review of th-is ordinance indicates that the applicant does 

have a measure of authority in each of the areas l is ted above. There is 

some question, howe-yer, whether the applicant can employ permit controls on 

industries since there is no mention of an industrial permit procedure in 

the ordinance. A l so , remedies for fjoncompl iance appear to be limited to 

rejecting the waste or imposing fines in an amount not to exceed $20 per 

day. The process for rejection (e.g.* suspend service) is not specified and 

it appears that the fine can only be imposed after a court procedure that 

may be lengthy. Legal counsel should, therefore* review the ordinance for 

specific compliance with the authority ami procedure requirements of 40 CFR 

403.8 ( f)( l ) and (2). 

Administrati on--The city of New Bedford will establish within the Sewer 

Department a position for an industrial waste manage-r. Tnis individual will 

have a large number of responsibilities including: 

1. Controll ing industrial w a s t  e discharges throughout the 

system. 
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2. Receiving and evaluating all applications for discharge of 

industrial waste to the system. 

3. Notifying industries of categorical discharge limits. 

4. Receiving and analyzing compliance reports from industries. 

5. Visiting -a:rid inspecting industrial fac i l i t ies, including 

sampling and compliance monitoring. 

6. Surveying new industries. 

7. Liaison with other utilrites, 

8. Developing procedures for tra-cking down violators. 

For a serv ice area that is an " industr ia l community," ass ign ing the 

above- l is ted duties to one p e r s o n wou ld probably result in a severe 

overcommittment of the individual. 

The applicant says the industrial waste manager wauJd have clerical 

support and assistance from laboratory and sewer maintenance personnel for 

sampling and analysis throughout the system. An assistant would be hired, 

according to the appl icant, if one person is inadequate to carry out the 

duties. The number of industries in the serv ice area is not described in 
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the application, but an industrialized area with an average sewer flow of 30 

MGD could require several professional and technical perscnnel to adequately 

design, implement, and operate an effective industrial pretreatment program. 

Fufidtng--A feudget for the industrial pretreatment program has not been 

established according to the appl icant, because the program has not been 

developed. The city wil l apply for a grant under the Clean Water Act to 

finance implementation''^ th-e program. Detai ls of the grant application 

were to have been completed and submitted to EPA in 1979., A plan of study 

for the program has been submitted to EPA (according to Mr. Steve Silva, EPA 

Region 1), and the $rant application has been approved. Grant funds are to 

be released in July, 1981. 

Industrial Source Inventory--

The appl icant completed a survey of i ndus t r i es in 1974 and was 

completing another survey at the time the application was submitted. The 

application is not clear as to the number of Industries in the service area, 

or what i n f o rma t i o  n was c o l l e c t e  d fr-om the i n d u s t r i e  s s u r v e y e d  . 

Approximate ly 300 q u e s t i o n n a i r e  s were sent to known industrial and 

commercial users in the most recent survey. Whether this represented the 

totality of industries in the service area or just the larqest users is not 

stated. 

There is no d iscuss ion of the form and contents of the inventory 

estabished by the two surveys, or methods for keeping the inventory current. 

327




Maintaining a complete inventory of sources is fundamental to the control of 

industrial discharges, and is necessary for the source notification aspect 

of pretre..fttfii«ftt program implementation. The inventory should include 

informatfofl on the type of activity conducted on site, character of the 

waste (•campountfs and quant i t ies ) , m a t e r i a l s that may accidental ly be 

released t<* tfte waste stream, results of self monitoring and city monitoring 

efforts, histories of accidents or noncompl iance, the nature of permits or 

agreements affecting -wastewater discharge, and other information useful in 

conducting the 

Industrial Compliance. Reviews--

The industrial waste manager Kill have responsibi l i ty for industrial 

compliance reviews. No detai ls on p-rocedures for conducting such reviews 

are presented in the application. Presumably such procedures would be 

established as part of the industrial pretreatment program development. 

Program Compliance Schedule--

The applicant plans to complete the fol lowing tasks within 18 months 

following issuance of a 301(h) modified NPDES permit: 
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Task Months 

Industrial waste survey 0-6 

Discharge- 1 imitation development 5.12 

Monitor/enforcement program 5_18 

Legal basis. 3_6 

Construction/equipment needs 12-18 

Funding ' 7-lQ 

Public participation 2,8,18 

The scheduling may &e achievable if adequate resources are committed to each 

task. As mentioned earlier, the industrial waste manaqer will probably 

require assistance to perform his job adequately, particularly if he is to 

have an active part in each of the above-listed tasks. 

Conditional Acceptance Provisions— 

The a p p l i c a n  t does not request <.<mcHt i ortal a c c e p t a n c  e of the 

pretreatment program. 
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Section 3. Nonindustrial Source Control Program 

Source Identification Schedule--

Th-e- applicant proposes, in genera l terms, to look for sources of 

pollutants trot -attributable to industrial sources. The search wil l be 

conducted during, and for 6 months fo l lowing, development of the industrial 

pretreatment program. A p-Jan- for removal of pollutants having nonindustiral 

sources will be implemented-,- if feasible, but no details are given. 

Also proposed is an in-system sampling analysis program to determine if 

particular regions of the service area contribute more toxic pollutants than 

others. Act ion to control the -pollutants at their source wi l l than be 

considered. No details are presen-tetf on this aspect of the program. 

Source Control Determination Schedule--

No details on procedures or approaches- to ntHundustrial source control 

are provided. 

Program Development and Implementation Schedule--

Analyses to determine the extent of nonindustrial contributions to the 

waste stream will parallel development of the indu$trial pretreatment 

program. No further schedule for development of a nonindustrial source 

control program is provided. 
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Resource Support Schedule--


Financial -and personnel resources available for nom'ndustrial source


control are not presented.
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ef f ic iencies. Projected e f f luent m a s s e m i s s i o n s for 1986 (when the 

improvements are expected to be completed) and 1990 are estimated below. 

1986 1990 

Flow  m3 1.23 /sec 1>35 m3/sec 

(28.1 MGO) (30.8MGD) 

Biochemical oxygen tfemand 10,660 kg/day 12,025 kg/day 

(23,500 Ib/day) (26,500 Ib/day) 

Suspended solids 5,500 kg/day 6,175 kg/day 

(12,100 Ib /day) (13,600 Ib /day) 

Combined Sewer Overflow Control Scfredule--

The city of New Bedford has- a total of 30 combined sewer overflows in 

its system. Past ef for ts to min imize over f lows are d iscussed by the 

applicant, along with proposed future efforts. The city has a program to 

maintain, clean, and repair weirs and regulatfng devices to limit overflows. 

Some modifications to existing pump stations, involving replacement of worn 

and obsolete equipment and increasing pump capacity, have been completed to 

eliminate pump station storm-related wastewater over f lows. Further pump 

station modifications have been designed and are awaitirg approval of this 

application. Separat ion of the sewerage system in several areas of New 

Bedford has been designed and is ready for bidding am:1 construction. A 

p roposed study wi l l de termine v o l u m e  , f requency, and qua l i t y o f 

s t o r m - r e l a t e  d o v e r f l o w  s d i s c h a r g e  d t  o w a t e r c o u r s e  s a n  d p r o v i d  e 

recommendations for improvements based on the findings. 
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PART F - EFFLUENT VOLUME AND MASS EMISSIONS 

Project E-ffly-ent Volume and Mass Emissions--

The applicant presents projections for wastewater f l ows  , BOD, and 

suspended solids for the period 1980 through 2020. No particular 5-year 

period is discussed because of the currently unknown date for such a period 

to begin. Average wastewater flows are projected to increase from the 1980 

level of 1.05 m3/sec (24 NH>} at a rate of 0.03 m3/sec (0.68 MGD) per year. 

Projected peak flo-w$ are -expected to decrease at a rate of 0.028 m3/sec 

(0.65 MGD) based on the applicant's assumption that some major combined 

sewers would be separated. The basis for the projections (e.g., per capita 

contribution and service area population projections) are not provided nor 

are there any means identified which assure that excessive flows will not 

occur. 

Influent and effluent levels for BOD and suspended solids are presented 

by the applicant. Since the ex is t ing data- ofi removal efficiencies at the 

treatment plant are not indicative of a properly operating primary facility, 

projected removal efficiencies were used to. determine the effluent loadings 

based on a 30-percent BODremoval and 50-percent suspended solids removal. 

These are the minimum removal rates expected once the propt>serf improvements 

to the exist ing primary t rea tment p lant are completed in 1986. The 

applicant presents projected influent loadings based on projected flows and 

concentrations but does not present eff luent mass emissions. These can be 

determined from the influent loadings and the est imated minimum removal 
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PART G - USE OF TITLE II FUNDS


Bedford has a currently act ive Step 1 grant to update 

jjjfg work presented in a 1974 report. Table 38 is a summary 

of the ;;$c;6pe q:f;-;£he p lann ing ef for t and pro jected complet ion dates. 

Accordi^:;:|^:;-:$iii^:::applicant, much work is necessary to complete the Step 1 

facilities plan, and a grant addendum would have to be requested to complete 

a plan based on SlEfAî iiiî ^p'ient requirements and the 301(h) app l ica t ion 

(primarily pretrea^ieftt:i:3iid:;-:n''bnindustrial source programs). 

The appl icant^pi&sents:'pirel iminary cost information comparing secondary 

treatment with less-than-secondary treatment (Tab le 39 )  . The applicant 

states that it is unreasonable^ilOKpevise the prel iminary cost analysis 

(based on September, 1979,pric^ij ^fesjcause of the uncertainty surrounding 

the timing of 301(h) approval ..^^^-A 
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TABLE 38. PROJECTED PLANNING EFFORT


New Bedford r*Ĉ it:Ui.es::iP;i;ji"n;'-Scope of Work/Tasks Completion Status


Started March 20, 1978. Draft report to be submitted

to City in Fall of 1979.


2. Environmental Assessment statement and Started March 26, 1979, and deals primarily with

Public Participation as:-̂ &qurti:eiJ::!5y- :-. secondary treatment facilities and sludge disposal

February 16, 1979, Fedeiriî Seg'its'-ter:;x':. solutions within New Bedford's boundaries.


:' The EAS cannot be realistically completed until pilot

plant testing is complete and the rest of the report

is complete in June, 1980.


a. Second official adve#if*ed Public;:;: September 11, 1979 (Note: First kick-off public

Meeting on Facilities^an : ;Xx meeting was held June 11, 1979, and received


poor attendance.).


b. Third Public Meeting on Facilities Estimated to be in April, 1980.

Plan ;.:.:.;.:.:.


c. Official Advertised Final Public -x-î x'̂ x Estimated to be in June, 1980.

Hearing .:|x|x-xjx|::_


3. Phase I - Wastewater Treatment Facilities:;x:x':' :x?$e'<* work is complete. Draft report to be available

Evaluation (i.e., Improvements to ::;:;:x':;:;:x':;:;:b)r:;September 13, 1979.

primary treatment system) -Ĥ x'''-'-'-'-̂ :̂ :̂ .


4. Phase II - Existing Plant Treatabilityx'Hx' &*i*<$us*on is that one pilot plant will employ

Testing activated sludge/chemical coagulation process.


5. Phase III - Industrial Waste Survey Currently underway and to be completed June,1980.


6. Phase IV - Pilot Plant Studies of pilo&:$£6&i£j&:ic&, operational in September, 1979.

Secondary Treatment Process Fiel^JJorfc'-'ta'-faV'complete in March, 1980, and final


reportxEomplete in June, 1980.

7. Phase V - Wastewater/Septage Treatment Orafiiiv't&ib̂ vjjĵ itted in June, 1980.


x ; :
Disposal Alternatives .x;>x::;::xx::


8. Phase VI - Alternative Investigations Pendjliĝ fesults of Pilot Plant studies.


9. Phase VII - Final Cost Effective Analysis Pending'results of Pilot Plant studies. Final

of Alternatives analysis to be completed by June, 1980, Hearing.


x ; : : ;:;
10. Phase VIII - Facilities Planning Report June, 1980. xxxx::::x x;:x;x'

::::::::: :
Penalization. Recommended plan,

 ; ; ; : :
x
;
:
x
:x'
:
:Xx'̂ :̂ x'::;::


implementation schedule for construction, ''''''x:x;:;:'"'''"'''

:;
cost to homeowner, etc. to be presented x.x;.:':'-:


at final Public Hearing. x-Xx:::


11. Combined Sewer Overflow (CSO) Study Not currently under contWCt^but schedule to be

complete in June, 1981. :X>:::x
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TABLE 39. PRELIMINARY COST EFFECTIVENESS ANALYSIS

OF PRIMARY VS. SECONDARY TREATMENT*


itiMM 
. .(4)  Averagfe ijAftliuat Prsiejcjt Worth of 

(1) (2) (3) Present Worth of (5) Present Worth of Montoriri^tbst Ayei-age Annual Present 
Initial Initial Capital Average Annual Average Annual And OutfaijxOJM MorttioHng Cost Worth o 

Alternatives Capital Cost Cost Q&M Cost OtM Cost (five: ' {fjjye years) Total Co 

LOW RANGE ANALYSIS 

Secondary Treatment ::.x x^xx-.x-.x-. ::: 
(Exist ing Outfall) $44,000 $40.500 $3,000 '"$32, bog:; ; '"•• '••'• $ - $ -- $72.500 

Section 301(h) 32,000 27.200 1,500 16,ppii!:. \ i 170 700 43,900 
Improved 
w/ Prlmary Treatment* ' £:X:X:Xx;;::' ::: 

. Hifatittitit: ANALYSIS 

Secondary Treatnent $48,000 $44,200 ....x.x^x.ia.OOpxx-' $32.000 $ — $ -- $76,200 
en 

Section 301 (h) 57^000 ,.,,,...,,. 48>200 xx- 1,500 16,000 170 700 64,900 
Improved Di shcharge I.::..:::::::-:::::: :::::• 
w/ Primary Treatment* •:•:•:•:••.•:•:•:•:•:•:•:•:•:•: :•:•:•::•:•:•:•: 

-.-.•.•.•.• .•.•.-.-.•.• 
(1) Tota 1 Project Costs - Note: City's Share « 10X :::::. 

(2) Capital Costs include: Preliminary estimates of CoMjctor's bid price, surveys, borings, etc.. and an allowance for engineering and contingencies. 

(3) Capital Costs are Septeniber-xJ!:979 costs estimates. 

(4) Interest rate :̂;̂ :̂;:̂ ^ planning period. ' Based on 50 year structural life and 20 year equipment life. 

§enera-ized C0st Curve$ dnd September 1979 prices.SSa-negjfible-6"3"" ̂ ^ ***** "^  Additional power cost for longer 

(6) Monitoring costs are based ipinxCDM's interpretation of the final Section 301(h) regulations 

NOTE: All costs presented are based on September 1979 preliminary costs and would have to be updated during facilities plan 

City must fund 100% of 04M and monitoring costs. 

2Z*°00 ft' outfa""»"user * Station. Improvements to Primary Plant are not included 
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